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ABSTRACT 


This  report  describes  work  carried  out  in  the  area  of  nitroso 
polymers.  Two  general  classes  were  investigated.  These  were  (1)  sulfur- 
containing  nitroso  polymers  and  (2)  nitroso  polymers  containing  functional 
groups . 


Synthesis  of  a  wide  variety  of  fluorine-containing  nitroso 
compounds  and  olefins  is  described,  as  well  as  the  synthesis  of  various 
fluorine-containing  intermediates . 

Nitroso  copoljmers  and  terpolvmers  were  prepared  containing 
functional  groups  such  as  halogen,  ester,  double  bonds,  and  methoxy. 
Properties  of  selected  systems  are  described, 

A  terpolymer  which  could  be  cross-linked  by  peroxide  was 
prepared  using  methyl  4-nitrosoperf luorobutyrate  as  the  termonomer. 

Infrared  spectra  and  NMR  analysis  of  the  new  monomers  and 
polymers  are  included. 
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I.  INTRODUCTION 


As  part  of  its  program  on  the  development  of  materials  for  use 
in  extreme  environmental  conditions,  the  U.  S.  Army  Natick  Laboratories 
(NLABS)  has  sponsored  several  research  projects  in  the  area  of  so-called 
nitroso  rubber,  a  copolymer  of  trif luoronitrosomethane  and  tetrafluoro- 
ethylene . 


This  copolymer  was  first  described  by  Barr  and  Haszeldine, 
who  reported  that  CF3NO  and  CF2»CF2  reacted  readily  to  give  perfluoro-2- 
methyl-l,2-oxazetidine  and  a  colorless,  viscous  oil  which  was  identified 
as  a  1— to— 1  alternating  copolymer. 

CF3NO  +  CF  ?“CF y  - >  CF,N - 0  + 

-  “II 

CF2-CF,. 

Formation  of  the  polymer  was  favored  by  a  low  temperature, 
liquid  phase  reaction.  Russian  workers2  had  earlier  reported  polymer 
formation  in  the  reaction  of  nitrosyl  chloride  with  1 ,l-difluoro-2- 
chloroethylene.  Although  this  polymer  probably  resulted  from  reaction 
of  the  olefin  with  the  initial  product,  CF2C1(  LCiNO,  or  its  dehydro- 
fluorinated  derivative,  CFC1-CC1N0,  its  structure  was  not  elucidated  and 
was  not  shown  to  contain  the  -N-O-(C)  -  repeating  unit  found  In  nitroso 
polymers. 

C1N0  +  CF2-CHC1  - •>  CF2C1CHC1N0 

CF2C1CHC1N0 - >  HF  +  CFC1=CC1N0 

CF2C1CHC1N0  and/cr  CFC1-CC1NO  +  CF2=CHC1 - ■>  polymer 


The  copolymer  reported  by  Haszeldine  was  found  to  be  unaffected 
by  hot  concentrated  sulfuric  acid  and  potassium  hydroxide.1  In  addition, 
the  polymer  chain  contained  heteroatoms  which  might  confer  good  lov; 
temperature  flexibility.  On  the  basis  of  this  information  a  research 
program  was  initiated  in  1957  by  the  U.  S.  Army  at  Minnesota  Mining  and 
Manufacturing  Company  (3M)  to  study  the  preparation  and  properties  of 
polymers  derived  from  fluorine-containing  nitroso  compounds  and  fluoro- 
olef  ins . 3,4  Although  a  wide  variety  of  polymers  was  studied  under  this  program, 
the  CF3NO/CF2>*CF2  system  was  given  the  greatest  amount  of  attention.  It  was 
shown  that,  when  high  purity  monomers  were  used,  elastomeric  gums  could 
he  obtained  with  molecular  weights  in  excess  of  1,000,000,  The  solvent 
resistance  and  low  temperature  properties  (Tg  -  -51°)  of  the  copolymer 
were  also  demonstrated. 


To  evaluate  the  conoiymer  more  extensively  and  investigate 
end-use  applications,  a  program  was  initiated  at  Reaction  Motors  Division 
ol  Ihiokoi  Chemical  Corporation  in  1963.  Under  this  contract  a  method  of 
producing  high  purity  trlf luoronitrosomethane  at  a  rate  of  about  23  pounds 
per  day  was  developed  and  200  pounds  of  the  copolymer  were  produced. 

The  research  program  at  Peninsular  ChemResearch  was  also 
started  in  1963.  The  initial  objective  ol  this  work  was  the  incorporation 
of  compounds  ontaining  sulfur  into  the  nitroso  polymer  system. 

This  objective  was  later  modified  so  that  the  major  portion  of  this 
research  was  concerned  with  the  synthesis  of  new  nitroso  copolymers  and 
terpciymers.  The  only  known  cure  for  the  .opolymer,  cross-linking  by 
triethyienetetramme  and  hexamethylene  diamine  carbamate , b  caused 
scotching  and  sponging  with  consequent  low  tensile  strength  of  the  vul- 
canirate  For  this  reason  the  majority  of  the  termonomers  used  in  this 
work  .ontained  labile  groups  which  might  be  capable  of  providing  a  new 
cross-linking  site  without  the  use  of  the  standard  amine  cure.  The 
search  for  potential  termonomers  necessitated  a  major  effort  m  the  area 
or  monomer  synthesis  Both  nitroso  compounds  and  substituted  fluor- 
olefins  were  investigated  as  termonomers.  Certain  monomers  were  als». 
supplied  by  the  University  of  Florida  and  the  University  of  Colorado 
under  contracts  directed  by  Professor  Paul  Tarrant  and  Professor 
J  D  Park,  respectively. 

A  vompiete  description  of  the  work  sponsored  by  the  U.  S.  Army 
Natick  Laboratories  in  this  field  has  been  presented  by  Henry  and 
Griffis 
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II.  DISCUSSION 


A.  Monomer  Synthesis 

To  prepare  ..ew  nitroso  polymers,  it  was  frequently 
necessary  to  synthesize  both  new  and  previously  reported  fluorine- 
containing  monomers  and  intermediates.  Since  these  compounds  varied 
greatly  in  structure  and  in  functional  groups,  a  discussion  of  their 
preparation  will  be  divided  into  sections  according  to  the  characteristic 
feature  of  the  individual  compounds.  For  convenience,  the  following 
classifications  have  been  selected: 

1.  sulfur-containing  compounds 

2.  f luoroaromatic  compounds 

3.  nitroso-esters  and  derivatives 

4.  trif luoronitrosomethane  and  other  nitroso  compounds 

5.  intermediates  and  miscellaneous  compounds 

Physical  properties  and  analyses  of  the  new  compounds  prepared  are  listed 
in  Table  II,  A  reference  to  both  the  infrared  and  NMR  spectra  of  these 
compounds  is  included  in  this  table.  These  spectra  are  described  in 
Appendix  A  and  B,  respectively.  Parentheses,  e.g.  (Al),  after  a  compound 
name  or  formula  indicate  that  its  infrared  spectrum  is  shown  In  Appendix 
A. 


1 .  Synthesis  of  Sulfur-Containing  Compounds 

The  initial  research  carried  out  under  this  program  was 
directed  toward  the  preparation  of  nitroso  polymers  containing  sulfur. 

This  objective,  it  was  felt,  might  be  accomplished  by  polymerization 
using  either  (a)  a  monomer  which  would  incorporate  sulfur  in  the  backbone 
of  the  polymer  or  (b)  a  monomer  which  would  result  in  a  pendent  group 
containing  sulfur.  In  the  latter  case  either  a  sulfur-containing  olefin 
or  nitroso  compound  might  be  used. 

In  order  to  investigate  method  (a),  small  quantities  of  thio- 
carbonyl  fluoride  and  perf luorothioacetone  were  prepared.  These  compounds 
were  synthesized  using  reported  procedures,  as  shown.  Due  to  the  tendency 

Thiocarbonyl  Fluoride6 
1.  Cl2OS  — — 


C12C  CC12 

V 


3 


2, 


SbF  ? 


/\  SbF^  /\ 
C12C  CC12  - ’  f2c  cf2 

V  V 

/\ 

3.  F2C  CF2  — 7 - ■•>  F2C=S 

\  /  A 
s 


Per fluorothioace tone 


S  * 

/  \ 

(CF3)2C^  ^C(CF3)2  — - — >  (CF3)2C=S 


(Al) 


(A2) 


(A3) 


of  these  compounds  to  polymerize  or  cyclize,  it  was  necessary  to 
store  them  in  acid-washed  glass  ampoules  at  -78*.  Although  the  dithi- 
etane  precursor  to  thiocarbonyl  fluoride  was  washed  until  colorless  with 
sodium  hydroxide  and  hydrogen  peroxide  prior  to  distillation,  this 
treatment  is  not  strictly  necessary  and  results  in  handling  losses.  It 
was  later  found  that  distillation  of  the  crude  dithietane  results  in 
samples  of  greater  than  98%  purity. 

The  investigation  of  polymerization  using  method  (b)  required 
the  synthesis  of  both  olefins  and  nitroso  compounds.  The  previously 
unreported  trifluoromethyl  trif luorovinyl  sulfide  was  prepared  by  the 
addition  of  trifluoromethanesulfenyl  chloride  to  chlorotrifluoroethylene 
followed  by  dechlorination  of  the  product  mixture  as  shown.  The  addition 

Trifluoromethyl  Trifluorovinyl  Sulfide10  (A4) 

1.  CCI3SCI  +  NaF  >  CF3SCI  +  CF3SSCF3  11 

2.  cf3sci  +  cf2=cfci  — 'y‘  ->  CF3SCFC1CF2C1  + 

CF3SCF2CFC12  12 

3.  CF3SCFC1CF2C1/CF3SCF2CFC12  ~i5ioxane  -> 

cf3scf=cf2  +  cf3scf2cfci2 


of  CF3SCI  to  the  olefin  (step  2)  was  accomplished  using  a  modification 
of  the  procedure  described  by  Harris.12  Whereas  Harris  carried  out  the 
addition  by  irradiation  in  the  liquid  phase,  our  reaction  was  run  ir»  the 
gas  phase.  This  variation  apparently  results  in  a  different  product 


*  A  sample  of  2,2,4,4-tetrakis(trifluoromethyl)-l ,3-dithietane  was 
provided  by  C.  G.  Krespan  of  DuPont,  Wilmington ,  Delaware. 
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distribution.  Harris  reports  a  ratio  of  78:22  (by  GLC)  while  a  ratio  of 
57:43  CF3SC1,C1CF/C1:CF3SCF2CFC12  was  determined  by  NMR  for  the  mixture 
produced  by  gas-phase  irradiation.  Dechlorination  using  zinc  in  dioxane 
gave  CF3SCF=*CF2  conversions  as  high  as  83%.  The  structure  was  verified 
by  infrared,  NMR  analysis,  and  molecular  weight  determination.  Pure 
(95%)  CF3SCF2CFCI2 (A5)  could  also  be  distilled  from  the  product  mixture. 
Since  separation  of  the  isomers  could  not  be  achieved  by  distillation  or 
GLC,12  this  method  provides  a  relatively  simple  means  of  obtaining  this 
compound . 


Trif luorovinylsulfur  pentaf luor ide ,  CF2=CFSF5,  wa9  prepared 
by  a  reported  procedure' 1  using  the  following  sequence  of  reactions: 

Trifluorovinylsulf ur  Pentaf luor ide  (A6) 

1.  SFu  +  Cl2  +  CsF - >  SF^Cl 

BZ2O2 

2.  SF5CI  +  CF2=CFH  — - CF2C1CFHSF. 

KOH 

3.  CF  2CICFHSF  5  — —  - — •>  CF2=CFSF5 

An  attempt  to  add  SF5CI  to  CF2*CFH  (step  2)  using  ultraviolet  irradiation 
in  the  gas  phase  produced  no  adduct.  Reaction  in  an  autoclave  using 
benzoyl  peroxide  in  carbon  tetrachloride  did,  however,  give  reasonable 
conversions  (58%).  The  dehydrochlorination  reaction  (step  3)  was  carried 
out  using  powdered  potassium  hydroxide  in  hexane  solvent. 

Several  methods  were  investigated  for  the  synthesis  of  highly 
fluorinated,  sulfur-containing  nitroso  compounds,  previous  examples  of 
which  had  not  been  found  in  the  literature.  The  first  compound  in  this 
class  was  prepared  by  the  addition  of  nitrosyl  chloride  to  trifluoro- 
methyl  trifluorovinyl  sulfide  as  shown: 

2-Chloro-l-nitroso-l, 2 , 2-trif luoroethyl  (A7) 

Trifluoromethyl  Sulfide 

CF3SCF*CF2  +  C1N0  — V—>  CF3SCF(N0)CF2C1 

A  similar  attempt  to  add  nitrosyl  chloride  to  CF2“CFSFc  by  ultraviolet 
irradiation  in  the  gas  phase  was  not  successful.  When  the  reaction  was 
carried  out  in  dimethylformaraide  and  AlCl3#a  nitroso  compound,  identified 
as  CF2CICFCINO,  was  produced.  Formation  of  this  compound  indicates  a 
cleavage  of  the  9ulfur-carbon  bond  with  intermediate  formation  of  CF2“CFC1, 
which  then  adds  nitrosyl  chloride  to  give  the  observed  product. 

A  number  of  methods  to  synthesize  nitrosylsulf ur  pentaf luoride, 
SF5NO,  were  examined  without  success.  These  methods  included: 
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1  reaction  ot  disulfur  decaf luoride  with  nitric  oxide  u9ing  both 
thermal  activation  and  electric  discharg 

S2F  -j  f  NO  — t - >  SF  NO 

2.  reaction  ct  disulfur  decaf luoride  with  nitro9yl  chloride  in 
solution 

S,F  u  +  C1N0  — 1 SF  -NO  +  SFeCl 

3.  reaction  ot  sulfur  tetrafluorlde  with  nltrosyl  fluoride 

SF  +  FNO  — i - -  SF  rN0 

A.  eacticn  of  ceslutnsulf ur  pentaf luoride  with  nltrosyl  chloride 

CsSF  -  +  C1N0  — f - SF  ;N0  +  CsCl 

5.  reaction  ot  sulfur  chloride  pentaf luoride  with  nitric  oxide 
using  benzoyl  peroxide 

SF5CI  +  NO  — i >  SF  cNO 

6  rea.tion  ot  dlnitrogen  trloxide  with  sulfur  tetrafluorlde  and 
cesium  fluoride 

SF.  +  CsF  - ■>  [CsSF 5 ]  +  N2O3  — / — *  SFsN0 

Several  previous  attempts,  all  uns"ccessf ul ,  to  prepare  SF5NO 
have  been  reported.  For  example,  a  mixture  of  dlsulfur  decafluoride5  and 
nitric  oxide  was  irradiated  by  ultraviolet  light  in  the  gas  phase  without 
formation  of  the  desired  product.  Since  S2F0  13  known  to  cleave 

homolytically  at  150‘  to  give  ’SFs  radicals,  the  thermally  activated 
reactions  with  S/F  j  were  carried  out  at  this  temperature.  The  products 
of  the  reaction  between  S2F’q  and  NO  .  glass  were  identified  as  NO2, 

S0F2»  S0,F2,  and  SF;OSF-,  while  reaction  in  9teel  produced  N^O,  SOF2, 
SO2F?,  and  SF.,. 

The  reaction  of  SF.  and  nltrosyl  fluoride  at  300-400i  in  a 
nickel  cylinder  produced  SOF. ,  NO,  SF^,  N2O,  S02F2»  SOF 2 ,  NO2,  and  SO2. 

The  reaction  of  nltrosyl  chloride  with  CsSF-  at  room  tempera¬ 
ture  in  glass  gave,  in  addition  to  SFjCl,  NO2,  SiFH ,  SOF2,  SO2F2,  and 
SF  A  similar  reaction,  using  dinitrogen  tnoxlde  rather  than  nltrosyl 
chloride,  produced  SOF2  and  SO^. 

Since  alkyl  nltroso  compounds  may  be  preparecj  by  pyrolysis  or 
photolysis  of  the  acyl  nitrite,^3  as  9hown ,  It  was  proposed  that 

R£COONO  -u‘-vt  or'  >  R  NO  -t  C02 

I  Li  I 

SF'NO  might  be  synthesized  by  the  series  of  reactions  below,  This  method 


6 


I 


1.  SF5CI  +  ch2=ch2  - »  sf5ch2ch;ci  2u 

2.  SF5CH2CH2C1  +  KOH - •>  SF5CH=CH2  2“ 

OX 

3.  SF5CH=CH2  SF5COOH 


-H20 

4.  SF5COOH  - >  (SF5C0)20 

5.  (SF5CO)20  +  N203  - ■>  SF5COONO 

6.  SF5COONO  SF5NO  +  C02 


could  not  be  evaluated,  however,  due  to  difficulties  in  preparing  SF5COOH 
(step  3).  In  addition  to  oxidation  of  SF5CH=CH2,  other  methods  of  pre¬ 
paring  the  acid  were  examined  without  success. 


1. 


sf4  +  cof2 


CsF 


SF  c;CF 


h2o 

> 


sf5cooh 


co2 

2.  SF5CI  +  BuLi  — / — •>  SF5COOH 

H 


Since  the  failure  to  detect  SF5NO  as  a  product  of  these 
reactions  may  have  been  due  to  an  inherent  instability  of  the  compound 
under  the  conditions  employed,  an  attempt  was  made  to  produce  "hot"  SF5 
and  NO  radicals  by  passing  a  mixture  of  S2Fio  and  nitric  oxide  through  an 
electric  discharge  (Figure  1).  The  reaction  was  carried  out  both  at 
ambient  temperature  ?nd  at  -78°.  At  ambient  temperature,  identified 


vacuum 

system 
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products  were  SiF_,  N/),  SO  i ,  SOF_>,  SFc,  SF  (S0iF)2»  CF  4,  CF  3CI ,  and 
SF5CI.  The  last  three  compounds  probably  resulted  by  reaction  with  the 
Kel-F  grease  used  on  the  joints  in  the  discharge  apparatus.  At  -78°, 
in  addition  to  these  same  compounds,  SO  F  2  and  SOF  were  formed.  In 
both  cases  an  unidentified  compound  was  isolated.  From  its  infrared 
spectrum  it  appeared  to  contain  an  -SO 2-  group  as  well  as  SF  bonds.  No 
further  efforts  were  made  to  identity  this  compound. 

The  various  reactions  used  in  the  attempted  synthesis  of  SF ^NO 
are  described  more  fully  in  the  experimental  section. 

The  synthesis  of  SF  5CF  jCOOH  as  a  possible  precursor  to  SF 5CF 2NO 
was  also  desired.  Since  the  reaction  of  SF <.C1  with  ketene  has  been 
reported  to  give  SF  -CH ^COCl , ‘  -  the  reaction  sequence  below  might  give  the 
the  desired  intermediate.  Although  dif luoroketene  has  reportedly26  been 

1.  SF  Cl  +  CF.  »O0  - •>  SFsCFpCOCl 

2.  SF-CF  C0C1  t  H  0  - »  SF5CF2COOH 

prepared  by  reaction  of  CF2ClC0Br  with  zinc  in  ether,  attempts  to  repeat 
this  synthesis  gave  none  of  the  desired  ketene.  Similar  unsuccessful 
attempts  by  both  English" 7  and  Russian^8  workers  were  subsequently 
reported. 


In  the  initial  phase  of  this  contract, one  of  the  classes  of 
sulfur-containing  monomers,  which  was  desired  for  our  polymerization 
studies,  was  thlonitntes ,  R^SNO,  where  could  be  a  perfluoroalkyl  or 
perf luoroaryl  group.  Although  the  hydrocarbon  analogues,  RSNO,  had  been 
reported,  ”  '  there  was  no  mention  in  the  literature  of  a  successful 
synthesis  of  a  perf iuoroalkylthionltnte ,  R  SNO.  An  unsuccessful  attempt 
to  prepare  trif luoromethylthionitnte,  CFiSNO,  had  been  described  by 
Emeleus  and  Pugh,20  who  reacted  bis (trif luoromethylthio)mercury  with 
nitrosyl  chloride.  Instead  of  the  thionitnte,  the  major  product  was  the 
disulfide. 

(CF3S)2Hg  +  2C1NO  - -■  CF.SSCF'3  +  HgCl2  +  2NO 

In  our  laboratories  a  similar  synthesis  using  tr if luoromethylthiosilver 
and  nitrosyl  chloride  gave  similar  results. 

2CF  jSAj,  •+  2C1N0  - ■■>  CF 3SSCF  3  +  2AgCl  -1-  2N0 

Since  the  disulfide  seemed  to  be  the  favored  product  in 
reactions  of  this  type,  the  reaction  of  CF3SSCF3  with  nitric  oxide  was 
attempted.  The  disulfide  can  be  cleaved  homolytically  by  ultraviolet 
irradiation  to  give  trif luoromethylthio  radicals'-^22  so  that  a  coupling 
reaction  might  give  the  desired  product  as  shown. 

CF  SSCF  — U‘Vl  >  CFsS-  ~ — >  CF?SNO 
r.t. 
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Instead  of  the  thionitrite,  the  major  product  of  this  reaction  was  found 
to  be  CF3NO,  formed  in  38%  conversion.  Sulfur  was  also  formed.  Appar¬ 
ently,  the  trif luoromethylthio  radicals  decompose  under  these  conditions 
to  give  trifluoromethyl  radicals  which  then  combine  with  nitric  oxide. 

CF3SSCF3  — —  ->  CF3S  S  t  •  — — ■>  CF3NO 


Some  bis(trifl  oromethyl)sulf ide  was  also  formed,  indicating  a  combination 
of  CF3S*  and  Cf  3  •  radicals.  A*-  lower  temperatures  (-78°),  CF  3SCF  3  was  the 
only  product. 


The  reaction  of  CF3SCI,  which  also  cleaves  homolytically  to 
give  a  CF3S*  radical,'"  with  excess  nitric  oxide  produced  a  red  solid 
when  the  reactants  were  condensed  and  frozen.  This  color  existed  only 
in  the  solid  phase  and  could  be  regenerated  by  refreezing.  The  red  color 
was  probably  not  due  to  nitrosyl  chloride  since  this  compound  was  not 
detected  in  the  reaction  mixture  on  warming  to  room  temperature,  suggest¬ 
ing  that  CF3SNO  was  formed  in  a  solid  matrix  and  is  unstable  under  normal 
conditions.  The  few  known  thionitrites  which  have  been  rt nor  ted1 
(RSNO,  where  R=CH3,  C2H5,  CgHg)  are  described  as  red,  relatively  unstable 
liquids . 


Reaction  of  both  CF3SCI  and  CF3SSCF3  with  nitrosyl  chloride 
resulted  in  products  (CF3CI,  CF3NO2)  which  showed  that  carbon-sulfur 
bond  cleavage  occurs  rather  easily  in  the  CF3S'  radical  to  give  sulfur 
and  a  CF3 •  radical. 

An  attempt  to  react  thiocarbonyl  fluoride  with  nitrosyl 
fluoride,  as  shown,  gave  inconclusive  results.  An  infrared  spectrum 

F2C=S  +  FNO - »  CF3SNO 

of  the  volatile  product  mixture,  which  was  found  to  contain  SlFi.,  COS 
and  N2O,  exhibited  absorption  peaks  between  8  and  92  microns  and  at 
13.17  microns,  indicating  a  CF3S  group.  Other  unassigned  peaks  occurred 
at  6.15,  6.25  and  6.52  microns.  Although  the  peak  at  6.52  can  probably 
be  attributed  to  carbon  disulfide,  the  other  two  peaks  are  in  the  region 
in  which  typical  highly  fluorinated  nitroso  compounds  absorb.  This 
spectrum  changed  over  a  period  of  time,  indicating  decomposition  of  the 
sample  at  room  temperature.  Due  to  the  difficulty  in  preparing  thio¬ 
carbonyl  fluorides,  this  method  was  not  investigated  further. 

The  synthesis  of  pentaf luorophenyl  thionitrite,  C^FsSNO,  was 
attempted  using  a  procedure  similar  to  that  reported  for  the  preparation 
of  alkyl  thionitrites,  as  shown. 

C6F5SH  +  C1N0  — / - ■>  C6F5SNO  +  HC1 
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At  -40'  a  solid  identified  as  bis (pentaf luorophenyl)disulfide  (A8)  was 
formed  in  quantitative  yield.  Known  thionitrites  have  been  found  to 
form  the  corresponding  disulfides  very  readily  at  room  temperatures 
so  that  CgFgSNO,  if  formed,  was  converted  under  these  conditions  to  the 
disulfide  as  shown. 


2CgF  5SNO  - ->  2N0  +  C6F5SSC6F5 


2 .  Synthesis  of  Fluoroaromatic  Compounds 

Fluorine  atoms  in  pentaf luorophenyl  derivatives,  CgFgR,  may 
be  displaced  by  nucleophilic  reagents  to  give  disubstituted  products.29*30 
Substitution  is  generally  directed  to  the  position  para  to  the  R  group.31 
Consequently,  the  incorporation  of  pentaf luoroaromatic  compounds  into 
nitroso  polymer  would  offer  a  potential  cross-linking  site.  Functional 
groups  capable  of  cross-linking  would  also  be  of  interest  as  substituents 
on  a  perf luoroaromatic  monomer. 

The  synthesis  of  pentafluoronitrosobenzene  was  carried  out 
initially  by  a  reported  procedure,32  as  shown.  Yields  were  generally 
around  40%. 

Pentafluoronitrosobenzene  (A9 ) 

CH2C12 

C6F5NH2  +  HC00H/H202  - ■>  C6F5NO 


The  product  could  be  purified  by  distillation  at  ret  iced  pressure  and 
by  sublimation  to  give  blue  crystals,  m.p.  44-45°.  The  major  by-product 
was  found  to  be  CgFgNC^.  The  synthesis  of  CgFgNO  by  several  other 
routes,  shown  below,  was  also  examined,  but  without  success.  Only  the 
third  method  gave  any  indication  of  the  formation  of  the  nitroso  compound. 

1.  C6?5NHN-C(CK3)C6H5  +  HCOOH/H2O2  — / C6F5NO 

f  1NP 

2.  CgFgH  +  BuLi  - >  CgF  $Li  --■/—>  CgF5N0 

3.  CgF  SCOOAg  +  C1N0  - >  CgFgCOONO  — - — >  CgFgNr 

Pentaf luorobenzoyl  nitrite  (A  10)  was  prepared  and  isolated  as  an  amber 
liquia.  Although  pyrolysis  of  the  nitrite  gave  inconclusive  results, 
a  sample  sealed  in  an  NMR  tube  at  room  temperature  under  partial  vacuum 
formed  a  green  solid  believed  to  be  C5F5NO. 

Decomposition  of  the  aryl  nitrite  was  also  used  in  attempts  to 
prepare  p-nitrosotetrafluorobenzoic  acid.  The  monosilver  salt  of  tetra- 
f luoroterephthalic  acid  was  prepared  by  reaction  of  the  dicarboxylic  acid 
with  silver  oxide.  Reaction  of  the  silver  salt  with  nitrosyl  chloride  gave 
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1.  HOOC.  ((  F  j)  COOH  +  1/2  Ag20 


->  HOOC  ((  F  ))  CO  2Ag 


IIOOC  ((  F  ))  C02Ag  +  C1NO 


HOOC  ((  F  )>  COONO  (A  11) 


3 .  HOOC  ((  F  ))  COONO  -  /■■■■>  HOOC  <(  F  ))  NO 


a  product  mixture  from  which  a  yellow,  crystalline  product,  believed  to 
be  the  mononitrite,  was  sublimed.  Evidence  for  this  structure  was 
obtained  by  infrared  analysis  and  by  its  hydrolysis  with  water  to  form 
nitric  oxide  and  tetraf luoroterephthalic  acid.  Heating  the  nitrite  at 
200°  under  vacuum  produced  no  noticeable  color  change.  Subsequent  to 
this  work,  the  synthesis  of  p-nitrosotetraf luorobenzoic  acid  by  another 
method  was  reported.33 


The  synthesis  of  r -aminotetraf luoronitrosobenzene  was  accom¬ 
plished,  as  shown,  by  the  performic  acid  oxidation  of  1 ,4-diaminotetra- 

p-Aminotetraf luoronitrosobenzene 

CH2C12 

h2n  ((jjy  NH2  +  HC02H/H202  - •>  H2N 


fluorobenzene .  The  product,  after  separation  from  the  reaction  mixture 
by  sublimation,  was  a  green  solid  which  gave,  a  green  solution  with 
methylene  chloride.  Further  evidence  for  its  structure  was  obtained  by 
infrared  analysis,  which  shows  a  peak  near  1555  cm-1  attributed  to  N-0 
absorption,33  as  well  as  N-H  peaks  below  3  microns.  In  addition,  the 
compound  reacted  with  tetraf luoroethylene  to  give  a  solid  polymer  whose 
infrared  spectrum  showed  peaks  attributable  to  N-H,  C-F,  and  fluoro- 
aromatic  absorption. 

The  oxidation  of  4 jA-^diaminooctaf luorobiphenyl  was  also 
attempted  using  performic  acid.  Although  a  yellow  solid  was  obtained 
in  good  yield,  it  was  not  identified.  Its  infrared  spectrum  (A  13) 
indicates  that  it  still  contains  N-H  bonds. 


3.  Synthesis  of  Nitroso-Esters  and  Deriva.ives 

The  previously  unreported  reaction  of  both  perfluorosuccinic 
and  perf luoroglutaric  anhydrides  with  methyl  nitrite  was  found  to  produce 
a  nitrite-ester,  as  shown.  The  reaction  occurs  easily  and  exothermically 


u-C(CF2)2j  3C>0  +  CH30N0  - •>  CH302C(CF2)2j  3COONO  (A  14,  A  15) 

to  give  near-quantitative  yields.  Structure  of  the  two  nitrite-esters 
was  established  by  NMR,  elemental  and  infrared  analysis.  The  infrared 
spectra  show  typical  methyl,  nitrite,  and  ester  absorption,  as  well  as 
strong  C-F  absorption. 


i’f'e  nitrite-esters  were  decarbcxylated  by  both  pyrolysis  and 
ultraviolet  irradiation,  as  shown,  to  Rive  the  corresponding  nitroso- 

CHjO  C t  CF ; )  2 1  COONO  —  V— — ; >  CO  ;  +  CH  30 2C (CF  2)  2 , 3NO  (A  16,  A  17) 

esters.  Conversions  ranged  from  about  20%  to  47%  with  the  average  conver¬ 
sion  from  over  ten  reactions  close  to  21%.  The  compounds  were  identified 
by  NMR,  elemental,  and  infrared  analysis.  The  blue  liquid  nitroso-esters 
were  purified  by  distillation  at  low  pressures  to  give  high-purity  (>99%) 
monomers.  Due  to  the  high  cost  of  perfluorosuccinic  anhydride,  most  of 
the  reactions  were  carried  out  with  the  perf luoroglutar ic  anhydride 
derivatives 

A  Decar  be xylat ion  by  pyrolysis  was  generally  carried  out  at  about 
250'  by  either  dropping  the  nitrite-ester  into  a  packed,  heated  column 
under  vacuum  or  by  dropping  the  nitrite-ester  into  a  heated  pot  at  the 
bottom  of  a  heated  cciumn  under  vacuum  and  removing  the  product  from  the 
top  In  the  latter  procedure  a  distillation  head  was  placed  on  the  column 
to  withdraw  non-volatile  products  In  the  pyrolysis  of  both  nitrite- 
esters  appreciable  amounts  of  colorless,  high-boiling  liquid  were  obtained. 
The  high  boiling  liquid  produced  in  the  pyrolysis  of  CH302C(CF2) 3COONO  was 
identified  by  NMR,  elemental,  and  Infrared  analysis  as  the  triester, 

[CH  0;C(CF,) a) ;N0fCF  J^COpCHa  (A  18).  This  compound  could  be  formed  by 
the  following  reactions: 

CH;0  ClCF  )  .NO  — NO  +  CH <0^C(.CF  J  v 

A 

CH.0,C(CF;)  ,•  +  CHjO^C(CFi)  3N0  — •>  (CK302C(CF2)  3^0* 

[CH  .0  ,  C  (.CF ; )  5 1  ?N0 •  +■  CH  02C(CF2)  3*  — 5  [CH  ^CO^)  3]  2NO(CF2)  3C02CH3 

A  similar  compound,  (C <F  ) ;N0C <F  ,  ha3  been  obtained  by  the  pyrolysis  or 
photolysis  of  C3F  NO  •  *  High-boiling  liquid  formed  in  the  pyrolysis  of 
CH  0,C  CF ; >  COONO  was  subsequently  identified  by  NMR  and  infrared  analysis 
as  f  CH  0  CtCF  >  1  ,N0(CF2  >  ,;COtCH  3  (A  19). 

Decarboxylation  of  the  nitrite-esters  to  nitroso-esters  could 
aiso  be  accomplished  by  ultraviolet  Irradiation.  Photolysis  also  produced 
the  high-boiling  liquids  mentioned  above.  Both  methods  give  approximately 
the  same  conversions,  but  the  photolytic  decomposition  is  preferred  since 
it  requires  less  attention  and  regulation. 

Attempts  to  increase  the  conversion  to  nitroso-ester  by  passage 
of  pure  nitric  oxide  through  the  pyrolysis  tube  at  5  mm.  pressure  were 
not  successful 


Pyrolysis  at  higher  temperatures  (350" -400')  results  in  the  formation  of 
a  high-bolllng  purple  liquid,  possibly  a  nitroxide. 
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The  triester  by-product  was  converted  to  the  triamide  and  tri¬ 
nitrile,  as  shown, 

NH3  ||  II 

[CH302C(CF2)  3]  2NO(CF2)  3C02CH3  - >  (H2NC(CF2)  3]  2NO(CF2)  3CNH2  (A20) 

S  if  P205 

[H2NC(CF2)3]2NO(CF2)3CNH2 - •>  (NC(CF2)3]2NO(CF2)  3CN  (A21) 

which  were  identified  by  NMR,  elemental  and  infrared  analysis. 

An  initial  attempt  to  synthesize  a  nitroso-ester  by  pyrolysis 
of  a  nitrite-ester,  prepared  by  the  reaction  of  a  monosilver  salt  with 

r°  1 

0=CCF2CF2C=0  +  CH3OH - •>  ch3o2ccf2cf2cooh 

CH302CCF2CF2C00H  +  Ag 20  - >  CH  302CCF 2CF 2C02Ag 

CH302CCF2CF2C02Ag  +  C1N0 - •>  AgCl  +  CH  <02CCF2CF2C00N0 

CH302CCF2CF2C00N0  — - — ->  CH302CCF2CF2N0 

nitrosyl  chloride,  produced  a  volatile  blue  liquid.  This  approach  was 
not  pursued,  however,  due  to  the  concurrent  discovery  of  the  more  facile 
method  previously  discussed. 

The  attempted  synthesis  of  CH2«CHCH202C (CF2) 3COONO  by  reaction 
of  allyl  nitrite  with  per fluoroglutaric  anhydride  resulted  in  a  vigorous, 
exothermic  reaction  and,  in  one  case,  a  detonation.  When  the  reaction 
was  carried  out  at  0°  in  an  open  system, a  viscous,  dark  brown  material 
was  obtained.  Infrared  analysis  showed  that  this  material  was  not  the 
desired  nitrite-ester. 


The  synthesis  of  C10C(CF2)2^ 3COONO  was  attempted  to  provide  a 
precursor  to  nitroso  acids.  No  evidence  of  reaction  was  obtained, 

OC(CF2)2>3C=0  +  C1N0  — + — >  C10C(CF2)2j  .coono 

„  v  H20 

C10C(CF2)2)  3C00N0  — ->  - ->  HOOC(CF2)2y  3N0 

however,  when  the  reactants  were  mixed  at  room  temperature  or  irradiated 
by  ultraviolet  light.  Samples  of  4-nitrosoperf luorobutyric  acid  (A22) 
were  subsequently  prepared  both  by  a  reported  procedure*'  and  by  the 
hydrolysis  of  methyl  4-nitrosoperf luorobutyrate . 

H20 

CH302C(CF2)  3N0 - •>  H00C  (CF 2  )  3N0 

Hydrolysis  can  be  accomplished  using  water,  acid,  or  dilute  (0  1  N)  base. 
When  a  stronger  (5%  NaOH)  base  was  used,  the  blue  color  of  the  nitroso 
compound  faded  after  10  minutes  at  room  temperature.  Consequently,  neutral 
or  acidic  hydrolysis  is  preferred.  The  blue  product  was  then  isolated 
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either  by  extraction  or  by  salting  out  with  sodium  chloride  and  then 
dried.  Although  hydrolysis  occurs  more  rapidly  In  acidic  media  (1  day) 
than  m  neutral  media  (4-5  days),  conversions  as  high  as  75 %  were  obtained 
with  the  latter  method - 

4 .  Synthesis  of  Trlf luoronltrosomethane 
and  Othe r  Nltrosoalkanes 


In  the  initial  stage  of  this  contract  it  was  necessary  to 
prepare  working  quantities  of  trif luoronltrosomethane  in  the  laboratory. 
Subsequently,  this  compound  was  made  available  from  stock.  The  procedure 
used  for  this  synthesis  was  as  follows: 

(CF 3CO)  2O  +  N;0 3  - ■>  2CF3CQONO  37 

CFjCOONO  - — >  CF3NO  +  C02  38 

Pyrolysis  of  trlf luoroacetyl  nitrite,  which  was  obtained  in 
nearly  quantitative  yield  as  reported,  was  accomplished  by  dropping  into 
refluxing  FC-43  (3M  Co).;  The  volatile  products  were  purified  by 
scrubbing  with  5-7%  KOH  and  passage  through  a  column  packed  with  Linde 
4A  Molecular  Sieve  at  -78°  The  major  impurities  -  CO2,  (CF3)2NOCF3, 
CF3NO2,  and  nitrogen  oxides  -  are  removed  by  this  procedure  to  give 
CF3NO  of  purity  In  excess  of  99%.  Conversions  after  purification  averaged 
about  50%  The  results  of  nine  small  scale  experiments  are  summarized 
in  Table  I.  Using  the  apparatus  described  In  the  Experimental  section, 
about  120  g.  of  CFjNO  could  be  prepared  in  one  day.  About  1  Kg.  of  pure 
CF 3 NO  was  prepared  before  it  became  available  from  stock. 

TABLE  I 

SYNTHESIS  OF  CF3N0 


1  No. 

CF3COONO 

(grams) 

Addition 

Time  (Hrs.) 

Yield  of 
(grams) 

CF3NO 

w 

Remarks 

1 

125 

6 

48 

55 

2 

80 

3 

29 

53 

3 

172 

7.5 

51 

45 

Nitrite  not  of 
sufficient  purity, 
contained  NO2 

4 

140 

6 

48 

49 

5 

80 

3 

35 

63 

6 

65 

3 

22 

49 

7 

230 

9 

74 

45 

8 

200 

6 

43 

31 

Equipment  failed, 
lost  some  nitrite. 

9 

143 

6 

43 

43 

Equipment  failed, 
leak  in  purifying 
train,  lost  CF3NO 
before  discovering 
leak. 
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A  detailed  description  of  the  synthesis  of  CF 3NO  on  a  larger 
scale  ('^1  lb. /hr.)  may  be  'ound  elsewhere.  -  7 

1-Bromo-l , 1 , 2 , 2-tetraf luoro-2-nitrosoethane  was  prepared  by  the 
ultraviolet-catalyzed,  vapor  phase  addition  of  nitrosyl  bromide  to 
tetraf luoroethviene .  In  addition  to  the  desired  product,  a  small  amount 

BrNO  +  CF2=*CF?  -U--V-->  CF2BrCF  NO  (A23) 


of  CF2brN0  was  also  formed.  This  compound  could  result  from  addition  of 
nitrosyl  bromide  to  dif luoromethylene  or  by  carbon-carbon  bond  cleavage 
followed  by  combination  with  NO  or  Br.  NMR  analysis  of  CF2BrCF2NO  is 
given  in  Appendix  B 

Methyl  1-chloro-l ,2 ,2-trif luoro-2-nitrosoethyl  ether, 
CH30CFC1CF2N0,  was  prepared  by  the  addition  of  nitrosyl  chloride  to  methyl 
trif luorovinyl  ether. The  addition  is  carried  out  in  CF2CI2  at  -78°  and 

C1N0  +  CH3OCF=CF2  - ■>  CH3OCFCICF2NO  (A24) 


is  unusually  rapid.  Another  noteworthy  aspect  of  this  reaction  is  tnat 
the  nitrosonium  ion  adds  to  the  terminal  dif luoromethylene  group  to  give  a 
primary  nitroso  group.  In  most  cases  of  addition  of  nitrosyl  chloride  to 
a  fluoroolefin  containing  one  group  or  atom  other  than  fluorine  attached 
to  the  olefinic  carbon  atoms,  the  nitroso  group  will  attack  the  carbon 
atom  with  fewer  fluorine  atoms.  For  example,  nitrosyl  chloride  adds  to 
ch.iorotrifluoroethylene  and  perf luoropropylene ,  as  shown.  Assuming  the 

C1N0  +  CF2-CFC1  - ->  CF2C1CFC1N0  40 

C1N0  +  CF3CF-CF2 - •>  CF3CF(N0)CF2C1  41 

addition  of  nitrosyl  chloride  to  alkyl  trif luorovinyl  ethers  to  be  ionic, 
the  reversed  nature  of  the  addition  might  be  explained  by  contribution  of 
the  structure  resulting  from  donation  of  electrons  to  the  system  through 
the  oxygen  atom: 

+ 

CH3OCF-CF2  V-  —  CH30=CFCF; 

An  attempt  has  been  made  to  prepare  a  functional  nitroso 
compound  by  the  reaction  of  1, 3-dliodohuxaf luoropropane  with  nitric  oxide. 

ICF2CF2CF2I  +  NO  - ■>  icf2cf2cf2no 

and/or  ONCF2CF2CF2NO 
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ThLS  reaction  ~ouid  give  either  an  lodonitrc.so  propane,  which  could  be 
used  as  a  reactive  termonomer,  or  a  dinitroso  propane,  which  might  be 
valuable  as  a  c rcss-linkmg  agent.  This  reaction  was  attempted  both  with 
and  without  mercury  in  the  presence  of  sunlight,  but  no  evidence  for  the 
formation  of  a  nitroso  compound  was  obtained  in  either  case. 

An  attempt  was  made  to  prepare  an  unsaturated  nitroso  compound 
by  reaction  ot  methyl  nitrite  with  perf luorobutadiene.  Although  no 
reaction  was  apparent  In  the  absence  of  light,  exposure  to  sunlight 
produced  a  light  blue-green  liquid,  which  rapidly  lost  its  color  during 
attempted  pur  if icat ion .  An  infrared  spectrum  of  this  material  showed  C-H 
absorption  as  well  as  peaks  which  nughr  be  attributed  to  C=C ,  -NO?,  and 
-0N0  groups  The  desired  reaction  is  shown  below 

CH-ONO  i  CF  =CFC F-CF - CH 'OCF , CF=CFCF ?N0 


and/or 


CH  -OCF' CFCF=CF ? 

I 

NO 


A  similar  reaction  was  also  attempted  using  methyl  nitrite  and 
tetraf iuoroethyiene.  The  only  nitroso  compound  isolated  from  the  product 
mixture  was  identified  as  ONCF^CF.NO,. 


5.  Synthesis  of  Intermediates  and 
Miscellaneous  Compounds 

During  the  course  of  this  contract  it  was  necessary  to  prepare  a 
wide  variety  cf  intermediates  which  were  not  commercially  available.  These 
compounds,  for  convenience,  have  been  classified  as  sulfur-containing 
compounds,  f luoroaromatlc  compounds,  nitroso  compound  precursors,  fluoro- 
otefins,  and  miscellaneous.  In  some  cases  a  particular  synthesis  was 
carried  out  several  times  and,  in  describing  these  in  the  Experimental 
section,  a  typical  reaction  or  the  reaction  providing  the  best  yield  is 
given  References  for  each  synthesis,  when  available,  are  also  given. 
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B  Polymer  Synthesis 

Initial  efforts  under  this  contract  were  directed  toward  the 
incorporation  of  sulfur  atoms  into  the  nitroso  system.  This  might  be 
accomplished  in  either  of  two  ways.  First,  by  polymerization  with  a 
sulfur-containing  nitroso  compound  or  fluoroolefin  as  exemplified  by 
Eq.  1  and  2,  and  second,  by  polymerization  with  a  compound  such  as  thio- 
carbonyl  fluoride  or  hexaf luoroethioacetone ,  as  exemplified  by  Eq.  3. 

The  latter  method  would  give  a  polymer  containing  sulfur  in  the  backbone. 


1.  CF  2=CF  2  +  Rgf  NO  - ■>  {NOCF2CF2>n 


2.  CF3NO  +  CF2=CFR 


sf 

gf  - •>  {NOCF^F^  and/ 

^  "sf" 


01 


{NO — CFCF2> 

i,  '  " 


*F  3  R 


sf 

R, 


3.  CF3NO  +  (Rf  )  2C=S  - •>  {NO — |s>n 

R, 


where  Rg^  =  a  sulfur-containing  perf luoroalkyl  group 
R^  =  fluorine  anJ./or  a  perfluoroalkyl  group 


Although  it  was  found  that  copolymers  of  thiocarbonyl  fluoride 
and  hexaf luorothioacetone  could  not  be  prepared  under  normal  conditions 
(only  the  homopolymer  of  the  sulfur  compound  was  formed),  a  copolymer  of 
trif laoronitrosomethane  and  trif luoromethyl  tr if luorovinyl  sulfide  was 
prepared  (Table  IV,  No.  15).  The  olefin  appeared  to  be  much  less  reactive 
than  tetrafluoroethylena  and  a  relatively  low  conversion  and  molecular 
weight  were  obtained.  The  glass  transition  temperature  of  the  copolymer 
was  found  to  be  -48°,  about  that  of  the  copolymer  of  CF3NO  and  CF2=CF2. 

An  infrared  spectrum  of  this  copolymer  is  shown  in  Appendix  A  (A26) . 

Small  amounts  of  another  sulfur-containing  monomer, 
CF3SCF(N0)CF2C1 ,  were  also  incorporated  as  a  termonomer  but,  due  to  the 
difficulty  in  obtaining  adequate  quantities  of  tie  monomer,  this  system 
was  not  examined  further. 
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The  second  and  major  area  of  our  polymerization  work  was 
concerned  with  the  incorporation  of  monomers  containing  functional  groups 
into  the  nitroso  system  One  of  the  major  problems  in  the  development  of 
nitroso  rubber  was  in  finding  an  adequate  means  of  curing  it.  Although 
a  cure  may  be  obtained  using  tr iethylenetet ramine  and  hexamethylene- 
diamlne  dlcarbamate,  the  vulcanlzates  are  generally  weak  and  inconsistent 
m  properties  - 

At  the  time  this  research  was  undertaken,  very  few  nitroso 
tecpolymers  containing  functional  groups  had  been  reported.  Under  an 
early  NI.ABS-sponscted  nitroso  program  at  3M,  a  terpolymer  containing 
p-tr if luorovinyl  benzoic  acid  was  prepared  and  cross-.linked  with  barium 
hydroxide.  Of  more  significance,  however,  was  the  preparation  of  a 
terpolymer  containing  either  3-nitrosoperf luoropropionic  acid  or  4-nitroso- 
perf luorobutyrlc  a^ld  <  - d  Tne  3M  researchers  found  that  these  terpolymers 
^culd  be  .ured  by  metal  salts  such  as  chromium  tr if luoroacetate ,  diols, 
and  dlepoxides  The  chromium  trlf luoroacetate  cured  material  was  found 
to  exhibit  good  tensile  strength  and  elongation  and  had  excellent  resistance 
to  Nt0  ,  nitric  acid,  sulfuric  acid,  and  sodium  hydroxide. 

As  part  of  the  work  at  PCR,  we  investigated  the  incorporation 
of  both  olefmlc  and  nitroso  monomers. 

It  was  found  that  bromotr if luoroethylene  would  copolymerize 
readily  with  trif luoronitrosomethane  to  give  a  tough,  almost  insoluble 
gum  m  conversions  in  the  order  of  SO?',  NMR  and  elemental  analysis 


CF3NO  +  CF,-GFBr 


— •>  4N0CFiCFBr^  (A27)  90%  conversion 

I  n 

CF.  Tg  3* 


CF  .NO  +  CF?»CFt  +  CFt-CFBr 


■fNOCFvC.F;NOCF?CFBr> 

I  I  n 

CF  3  CF  3 


CF^CFBr  in  polymer 


Charge  (mmolesi 

(mole  %) 

Tg 

hi* 

35 

29 

6 

9.4 

-45 

0.15 

35 

23 

12 

21.7 

-35 

0.13 

35 

17.5 

17.5 

31.0 

-21 

- 

In  FC-43 


indicated  a  1-to-l  copolymer  with  the  alternating  structure  shown  in 
the  first  equation  predominating.  As  in  the  case  of  the  copolymer  of 
CFjNO  with  tetraf luoroethylene ,  about  15%  "abnormal"  addition  was  observed. 
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Intrinsic  viscosities  of  the  terpolymers  were  relatively  low,  possibly  due 
to  chain  transfer  process  involving  abstraction  of  a  bromine  atom  from  the 
olefin.  As  expected,  the  glass  temperature  ses  with  increasing  amounts 
of  BTFE,  as  shown.  At  9  mole  ?■  the  Tg  is  practically  unchanged,  but  rises 
to  3°  in  the  copolvmer.  These  samples  were  found  to  decompose  around 
200°.  By  way  of  comparison,  the  decomposition  temperature  of  CF  NO/OF2“C-2 
copolymer  is  about  270°.  It  was  felt  that  this  system  might  be  cured  by 
abstraction  of  bromine  using  a  peroxide,  but  no  cross-linking  was  observed 
using  DiCup  40. 57 

A  series  of  polymers  containing  pentafluoronitrosobenzene  was 
also  prepared  as  shown  below.  Incorporation  of  this  compound  drastically 


CF3NO  +  CF2*CF2  +  CgF^NO - •>  wwvNOCF  2CF2NO'vwv'1-  (A28) 

CF3  CgF  5 


T  T 


Charge 

(mole  %) 

*d 

47.5 

50  2.5 

-43 

166 

45.0 

50  5,0 

-39 

158 

40.0 

50  10,0 

-35 

152 

reduced  tie  thermal  stability  of  the  system  and  raised  the  glass  temperature. 
The  terpolymer  containing  about  2.5  mole  %  pentafluoronitrosobenzene 
decomposed  about  100°  lower  than  the  copolymer.  Attempts  to  cross-link 
the  terpolymer  through  the  normally  labile  para  fluorine  atom  were 
unsuccessful . 57 

As  shown  below,  a  copolymer  and  terpolymers  containing  perfluoro- 
butadiene  were  prepared.  In  all  these  polymerizations,  appreciable 
quantities  of  the  Diels-Alder  adduct  (A31)  were  formed.  NMR  and  infrared 
analysis,  indicates  that  polymerization  occurs  by  a  1,2  and  1,4  mechanism 
with  the  1,4  predominating.  An  infrared  spectrum  of  the  terpolymer  shows 
the  trif luorovinyl  group  at  5.61  microns  and  the  CF-CF  group  at  5,80  microns. 
About  5-10%  of  the  diene  undergoes  1,2  polymerization  to  give  polymers 
containing  a  pendent  trif luorovinyl  group. 
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CF .NO  f  CF  =CFCF*CF  -  4NOCF ,CF=CFCF  *  4NOCF;CF>  +  CF ,NCF ?CF=CFCF  , 

i  ‘  x  i  i  y  i  |  “ 

CF  j  CF  j  CF  0 - 1 

II 

CF> 

Tg  =  -43' 

CF  jNO  +  CF.*CF^.  +  (  P  =CFCF=CF,> - >  terpolymer  containing  -CF»CF- 

and  -CF=CF2  (A29) 


Copolymer  +  CF  OF 


+NOCF ;CFCF  )CF  4  4NOCF2CF> 

i  i  x  i  i  y 

CF  ,  OCF  <  CF  ,  CF2 


OCF, 


(A30) 


Copolymer  +  C1NO 


4NOCF  ,CFC1CF(N0)CF2»  4NOCF2CF)- 

i  x  i  i  y 

CF,  CF,  CF  (NO) 

CF2C1 


(A3  2) 


Blue  polymer 
Tg  «  -85" 


In  order  to  determine  the  reactivity  ol  the  double  bonds,  both 
trif luoromethyl  hypoiluorlte  and  nltrosyl  chloride  were  added  to  the 
dissolved  copolymer.  NMR  analysis  of  the  CF ,0F  adduct  shown  in  the  third 
equation  again  confirmed  that  the  predominant  structure  was  formed  by 
1,4  polymerization.  The  addition  of  nltrosyl  chloride  produced  a  light 
blue  polymer  whose  infrared  spectrum  showed  a  peak  at  6,2  microns.  This 
may  be  attributed  to  the  formation  of  nitroso  groups  as  shown  in  the 
fourth  equation.  The  glass  tempe.-ature  of  this  polymer  was  found  to  be 
-85'.  Since  the  glass  temperature  of  the  copolymer  is  -43°,  this  unexpected 
value  is  difficult  to  explain.  The  addition  of  bis (f luoroxy)dif luoro- 
methant;,  CF2(.OF)  ,  to  the  terpolymer  was  also  examined  in  an  attempt  to 
cross-link  the  poiymer,  but  the  results  were  inconclusive. 

As  shown  below,  polymers  containing  tr if luorobutadiene  were  also 
prepared.  As  in  the  previous  case,  the  1,4  mechanism  predominates  and 
part  of  the  monomer  charge  is  consumed  to  give  the  Diels-Alder  adduct. 

As  before,  the  reactivity  of  the  double  bonds  was  demonstrated  by  the 
addition  of  CF,OF  to  give  a  saturated  terpolymer. 
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cf3no  +  cf2=cfch=ch2 


4NOCFoCF-CHCH,>  +NOCF2CF> 

i  x  i  i  y 


CF. 


CF,  CH 


CF  jNCF  ,CF«CHCH; 

I  | 

0 - 1 


CH- 


CF3NO  +  CF2=CF2  +  CF2=CFCH=CH2  - ■>  terpolymer  (-CF-CH-  &  -CH=CH2) 

(A3  3) 

Terpolymer  +  CF3OF - ■>  terpolymer  (saturated)  (A34) 


Attempts  to  cure  the  unsaturated  terpolymers  prepared  from 
perf luorobutadiene  and  1, 1, 2-trif luorobutadiene  were  unsuccessful,57 

In  addition  to  the  polymers  prepared  from  perf luorobutadiene 
and  trif luorobutadiene  mentioned  previously,  unsaturated  nitroso  polymers 
have  been  prepared,  as  shown  below,  by  terpo) ymerization  of  CF3NO  and 
tetraf luoroethylene  with  tetrafluoroallene ,  difluoroallene,  and  3-nitroso- 
perf luoropropene . 


CF  3  NO  +  CF2-CF2  +  CF2-C-CF2  - •>  -(NOCF2CF2>x-(NOCF2C)-y  (A35) 

2  11  CF  3  CF3  CF2 

[n]  -  0.13 
Tg  =  -35° 

CF3NO  +  CF2*CF2  +  CF2=C»CH2  - >  «NOCF2CF2)-x-(NOCF2C)- 

CF3  cf3  ch2 

dec.  70° 


CF3NO  +  CF2=CF2  +  CF2-CFCF2NO 


■(NOCF  2CF  2^x^N0CF  2CF  2>y-(NOCF  2CF>z 


cf3 

cf2 

1 

CF  3  CF2 

1 

CF 

NO 

II 

cf2 

(A36) 

A  low  molecular  weight  gum  with  an  intrinsic  viscosity  of  0.13 
was  obtained  using  tetrafluoroallene.  An  infrared  spectrum  of  the  polymer 
showed  a  strong  peak  at  5.68  microns  probably  due  to  C»CF2afcsorption. 
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The  terpolymer  obtained  from  di f luoroaliene  was  found  to  decompose  at 
70  .  A  copolymer  ot  di f luoroaliene  with  tr If luoronitrosomethane 
decomposed  rapidly  at  room  temperature.  The  terpolymer  with  3-nitroso- 
perf luoropropene  gave,  in  addition  to  material  soluble  In  Freon  113,  a 
small  amount  of  insoluble  gel,  indicating  that  some  cross-linking  had 
o^curr>.'l.  The  infrared  spectrum  of  the  reprecipitated  polymer  exhibited 
strong  absorption  at  3,38  microns  due  to  the  double  bond  in  the  pendent 
per f luoroallyl  group  In  addition,  a  peak  at  6,2  microns  indicates  that 
some  polymerization  occurred  through  the  tr If luorovinyl  group,  giving 
pendent  -CF  NO  groups. 

Probably  che  most  significant  development  during  this  work  was 
the  svnthesis  and  polymerization  of  the  nif-oso  esters,  CH jOjCCCF^) 2^0 
and  CH.OCiCF  '  NO.  Since  the  latter  compound  was  more  easily  prepared 
and  the  starting  anhydride  less  expensive,  the  majority  of  the  polymeri¬ 
zations  were  carried  out  wich  this  compounu 

As  shown  below,  cerpolymers  containing  the  nltroso  ester  were 
CF  NO  t  CF  -CF  v  CH  0  ClCF^  .NO  - - 

4N0CF  CF  *  +N0CF  CF  NO*  (A3  7) 

i  x  I  !  y 

CF  CF  (CF,.)  < 

C0,CH 

Conditions:  bulk,  -30  ,  24  hrs 
Conversions.  70-80% 

(cl  *  0.23  to  0.50 

prepared  containing  from  2.5  to  10  mole  %  ester.  Incorporation  of  the 
nitrosc-  ester  was  established  by  infrared  and  NMR  analysis,  The  polymers 
were  eiastome:i>.  gums  with  the  same  appearance  as  the  copolymer  of 
CFN0/CF  *CF,  and  could  be  cured  using  a  standard  peroxide  cure  developed 
at  the  Natick  Laboratories  The  gum  handles  easily  on  the  mill  and 
shows  no  signs  of  s^orcning 

Finally,  as  shown  below,  a  polymer  of  potential  utility  was 
prepared  using  tnf luorovinyl  methyl  ether  as  a  comonomer  or  termonomer. 

CF  NO  t  CH  OCF-CF  -  4NOCF  CF*  and/or  4NO-CFCF2> 

!  1  n  l  I  n 

CF  ■  OCR  JF  OCH3 

67  mole  X  ether 

insoluble  in  Freon  113  and  FC-43 

CF  NO  +  CF,, ---CF  4  ni.OCl-CF - Terpolymer  (A3 8) 

3  c  1  [  j  -  0,64  (in  FC-43) 
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The  trif luorovinyl  ether  is  extremely  reactive  with  trif luoronltroso- 
methane,  copolymerizing  at  -78'  in  a  few  hours.  By  comparison,  tetra- 
fluoroethylene  and  CFjNO  require  periods  of  about  one  month  at  this 
temperature.  In  addition,  elemental  analysis  indicates  that  the  copolymer 
contains  greater  than  67  mole  %  ether.  As  far  as  can  be  determined,  this 
is  the  first  time  a  nitroso  copolymer  containing  more  or  less  than  the 
equivalent  amount  of  one  of  the  monomers  has  been  prepared, 

The  copolymer  is  a  tough,  colorless  gum  which  is  insoluble  in 
Freon  113  and  FC-43.  A  terpolymer  containing  about  10  mole  %  ether  was 
soluble  in  FC-43  and  had  an  intrinsic  viscosity  of  0,64,  Attempts  to 
cure  the  terpolymers  using  peroxide  have  to  date  been  unsuccessful. 

Other  copolymerizations  and  terpolymerizations ,  including 
unsuccessful  attempts,  are  described  in  Tables  III  to  VIII. 
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NMR  Analysis  of  CF  NO/CF  -CF  Copolymers 


On  the  basis  ot  NMk  data,  researchers  at  3M'  reported  that  a  small 
percentage  ot  aunormal"  linkages  appear  to  be  present  in  the  nitroso 
polymer  backbone  These  abnormalities  could  result  from  a  deviation  in 
the  normal  nead-to-tail  structu  e  to  give  linkages  such  as: 

•fNOCF.CF  ON*  and  40NCF  CF  N0> 

1  I  I  I 

CF  .  CF  i  CF.  CF  . 

NMR  spectra  ot  nitroso  polymers  prepared  in  out  laboratories  have 
consistently  shown  additional  fluorine  NMR  peaks,  occasionally  in 
appreciable  amounts  In  addition  to  the  normal  peaks  found  at  -12.0  (CF 3 ) , 
fll.<*  (CF.)  and  +23.7  (CF,)  ppm  with  reference  to  trifluoroacetic  acid, 
peaks  ate  almost  invariably  found  at  +14  0  and  +21.5  ppm.  These  peaks 
amount  tc  anywhere  from  14  to  16%  of  the  area  attributed  to  CF2.  Also, 
secera-  polymers  have  shown  additional  CF,  and  CF 1  peaks  suggesting  not 
only  abnormal  linkages,  but  also  the  possibility  that  a  certain  amount 
ot  non-alternating  polymerization  may  occur  to  give  units  such  as: 

«N0CF,CF,CF  CF •  ■>  and  -FCF,CF,N  0  |  0  ) 

4f ,  If,  cf i 


Although  these  additional  peaks  may  be  due  to  higher  molecular  weight 
cyclic  compounds,  it  has  been  definitely  established  that  they  are  not 

due  tc  dissolved  oxazetidine,  Cf.NOCF.CF.  NMR  results  are  summarized  in 

I _ ll 

Table  IX  Another  unusual  observation  can  be  made  in  that  the  total  CF3 
content  ranges  from  41.7  to  58.0%.  The  peak  area  for  CF?  in  an  alternating 
1-to-l  copolymer  should  be  about  43%.  Also,  polymers  prepared  under 
practically  identical  .ondltlons  sometimes  exhibited  gross  differences  in 
spectra  as  exemplified  by  samples  78.4.2  and  78.5.2.  It  should  be  roted 
that  the  polymers  listed  m  the  table  are  all  intentionally  of  relatively 
low  molecular  weight  to  allow  the  possible  detection  of  end  groups  by  NMR. 


Due  to  the  complexity  of  the  problem  of  analyzing  these  polymers 
by  NMR,  and  because  of  the  increased  interest  in  the  functional  terpolymev 
systems,  this  study  was  not  pursued. 
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III.  EXPERIMENTAL 


A.  Monomer  Synthesis 

1.  Synthesis  of  Sulfur-Containing  Compounds 
a .  Thlocarbonyl  Fluoride6 

2,2,4,4-Tetrafluorodithietane  (4.0  g.)  was  udded  dropwise  over 
a  period  of  15  minutes  through  a  Pyrex  pyrolysis  tube  consisting  of  a 
12-inch  Vigreaux  column  with  a  6-mch  heated  2one.  The  tube  was  maintained 
at  520t'-540'  and  a  slow  stream  of  nitrogen  (25-30cc/min)  was  passed 
through  the  system  during  pyrolysis.  Products  were  caught  in  traps  at 
-183‘ .  Trap  to  trap  distillation  indicated  that  an  appreciable  amount  of 
material  had  passed  through  unreacted.  The  more  volatile  portion  was 
primarily  F2OS.  An  early  attempt  tc  store  this  material  in  stainless 
steel  at  tucm  temperature  resulted  in  decomposition  No  difficulty  was 
encountered,  however,  when  the  material  was  stored  at  -78°  in  a  glass 
Fischer-Porter  tube.  The  infrared  spectrum  of  this  compound  is  shown  in 
Figure  A2. 


b.  Per fluorothl pace tone 

Reaction  of  bis (perf luotolsopropyl)  mercury  with  sulfur  90 

Two  attempts  were  made  to  prepare  (CFO^CS  from  [  (CF  j )  ;<CF]  ^Hg 
and  sulfur.  The  first  time  a  water-cooled  condenser  was  used,  and  it 
soon  plugged.  In  the  second  attempt,  described  below,  an  air-c joled  tube 
one  inch  in  diameter  was  used  as  a  condenser 

A  1-liter,  4-neck  flask  was  half  filled  with  melted  sulfur  and 
fitted  with  a  condenser,  thermometer,  stirrer,  and  addition  funnel 
containing  [ (CFj^CF) ^Hg  The  sulfur  was  heated  to  its  boiling  point  and 
the  mercury  compound  slowly  added.  The  condenser  was  vented  through  a 
trap  cooled  to  -78°.  Some  blue  material  was  caught,  but  aftet  standing 
for  several  days  it  turned  to  a  white  solid  and,  on  warming  to  room 
temperature,  to  a  colorless  liquid  Perf luorothloacetone  is  reported  to 

be  a  blue  liquid  which  easily  dimerizes,  and  it  appears  that  (CF.),>CS  was 
made  in  this  reaction  but  dimerized  during  storage. 
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Pyrolysis  a  2 ,  2 .  .  4-tec  takis  < t  c  it  luoromethyl  )-l ,  3-di.thiet.ane 

Peiliuoiothioa-etcne  was  prepared  by  the  pyrolysis  of 
2 , 2 ,4 ,u-te: rakis ( tr it luoromet hyl 1 , 3-dit hietane .  An  addition  funnel 
containing  iCF  )  CSC(CF  i  !j>  was  connected  to  a  12-inch  Vigreaux  column 

heated  to  600  C  The  column  was  vented  to  a  trap  cooled  to  -J8* .  The 
dlthietane  was  slowly  dropped  into  the  heated  column  as  it  was  being  swept 
with  a  stream  ol  N>  The  product  was  trapped  as  a  blue  liquid.  An 
Infrared  spectrum  ol  the  compound  is  shown  in  Figure  A3. 

c .  Tr itluoromethy 1  it  if luorovlnyl  Sulfide 


CF  <SCi 


Sodium  tiuonde  <400  g.  ,  9.52  moles)  and  tetramethylenesulfone 
<1000  ml  i  were  placed  in  a  2-liter,  4-neck  flask  fitted  with  a  thermometer, 
stirrer,  spiral  .cndenser,  and  addition  tunnel  The  funnel  contained 
CCISCi  <404  g. ,  2  19  moles)  which  was  added  to  the  reaction  flask  over  a 
ten  minute  period.  The  contents  of  the  flask  were  stirred  and  heated  at 
160-170  ,  and  the  volatile  products  were  trapoed  at  -78J.  These  products 
were  distilled,  and  CF  ,SCl*  <89  g.,  b.p  0  -9')  and  CF}SSCF3*  (69  g. , 
bp  2'  -34 ■)  were  obtained, 

Irlf luoromethanesultenyi  chloride  was  also  prepared  by  the  gas 
phase  reaction  ol  bisUrifluoromethyl)  disulfide  and  chlorine.  The 
disulfide  <180  g  ,  0.891  mole)  was  bled  into  a  72-liter  evacuated  flask. 
Chlorine  <68.06  g  ,  0,891  mole)  was  added  and  the  mixture  irradiated  two 
hours  by  ultraviolet  light  using  a  Vycor  Immersion  well.  The  product  was 
removed  and  distilled  to  give  CF.SC1  (204  g. ,  84%  conversion). 

CF  .SCFC1CF  Cl 


A  72-iiter  liask  was  evacuated  and  charged  with  CFjSCl  (243  g., 
1,78  moles <  and  CF  «CFC1  (86  g.,  0.74  mole;  and  irradiated  for  three  hours 
by  a  Hanovla  model  8A36  high-pressu-e  mercury  vapor  lamp  suspended  in  a 
Vycor  immersion  well  extending  into  the  flask  The  products  from  two 
experiments  were  combined  and  distilled  to  give  recovered  CF,SC1  (220  g, , 

1  62  moles),  material  boiling  neat  44  (100  ml  )  and  assumed  to  be  a 

mixture  of  CF.SSCF  and  CF  CICFCi  ,  product  (.95  3  g. )  boiling  at  78<’-83°, 
ond  poc  residue  80  g  )  assumed  to  be  celoraers  with  the  composition 
CF.S'C  F  Cl'  Cl.  NMR  analysis  of  the  frattion  boiling  at  78'-83°  showed 
it  to  be  57%XCF  SCFCiCF  Ci' and  43%  CF  ,SCF  CFC1 


* 

These  compounds  have  been  reported  to  be  highly  toxic. 
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CF-SCF=CF- 


1  1-llter,  3-neck  flask  was  fitted  with  a  stirrer,  addition 
funnel  and  reflux  condenser  leading  to  a  cold  trap.  The  flask  was  charged 
with  dioxane  (50C  ml.),  powdered  zinc  (75  g,),  and  a  trace  of  zinc 
chloride.  The  mixture  was  heated  to  reflux  and  a  mixture  of  57% 
CF3SCFC1CF^C1  -  4j %  CF3SCF2CFCI2  (95  3  g.  containing  0  215  mole 
CF jSCFClCF^Cl)  was  added  over  90  minutes.  Volatile  material  was  caught 
in  the  cold  trap  and  distilled  using  an  18-mch  spinning  band  column. 
Material  boiling  from  13!'-20s  was  collected  with  the  major  fraction 
boiling  at  18J-20  A  total  of  32.4  g.  (83%  conversion)  of  CF3SCF=CF^ 
was  obtained.  Further  distillation  of  the  reaction  mixture  gave  22  g.  of 
95%  pure  CF 3SCF2CFCI2 . 

Anal  Calcd.  for  C3F6S:  '*  W  182,  Found:  M.W.  180. 

An  infrared  spectrum  of  pure  CF^SCF^CF;  is  shown  in  Figure  A4  and 
the  NMR  analysis  m  Appendix  B.  A  spectrum  of  95%  pure  CF  iSCF^CFCl 2  is 
shown  m  Figure  A5. 

d .  Trlfluorovlnylsulfur  Pentaf luor ide 


SF5CI 


Cesium  fluoride  (344  g. ,  2,26  moles),  SF  (216  g.,  2,0  moles) 
and  chlorine  (142  glf  2.0  moles)  were  reacted  m  a  1,5-liter  autoclave 
according  to  a  reported  procedure.14  The  product  mixture  was  washed  by 
passing  through  two  columns  of  water  about  4  feet  m  length  and  225  g. 
(69%  conversion)  of  SF^Cl  obtained.  GLC  showed  it  to  be  98%  pure. 

CF2C1CFHSF51 3 


A  12-liter  flask  was  charged  with  SF;C1  (31  i  g,,  0,192  mole) 
and  CF^CFH  (15,7  g.,  0.192  mole)  and  Irradiated  with  u.v,  light  for 
10.5  hours.  No  liquid  product  was  formed  and  infrared  spectra  of  the 
overgas  showed  no  evidence  of  reaction.  Product  was  obtained  by  carrying 
out  the  reaction  as  described  below, 

A  300-ml.  autoclave  was  charged  with  CC1„  (15  ml.),  benzoyl 
peroxide  (0.6  g.),  SF5CI  (60,2  g.,  0.37  mole),  and  CF;»CFH  (3?  1  g  , 

0.45  mole)  and  heated  at  ISO"  for  six  hours.  The  liquid  product  was 
distilled  and  64.2  g,  of  material  was  obtained  over  the  range  58‘-61". 
Analysis  by  GLC  showed  it  to  contain  82%  SFcCHFCF^-Cl  1.52.4  g.,  0,215  mole) 
Conversion  was  58% 

CF2-CFSF51 * 


Heptane  (215  ml.)  and  SF5CFHCF2CI  (52,4  g,,  0,215  mole)  were 
placed  in  a  500-ml.,  3-neck  flask  fitted  with  a  stirrer,  tube  for  addition 
of  solid  K0H,  and  a  reflux  condenser  vented  to  a  trap  cooled  to  -186". 

The  solution  was  heated  to  reflux,  and  powdered  10H  (38.5  g.,  0,69  mole) 
was  added  in  small  amounts.  A  white  solid  was  trapped  in  the  -lSh*  trap 
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Ihi»  nicUi  ia.  was  diijCWicd  cu'id  an  infrared  spe.trum  cf  the  product  boiling 
ar  Is  -18  shewed  it  tc  be  SF .CF-CF  v20.j  g  ,  0  098  mole)  of  80%  purity 
by  GLC 


e .  2-Chicr  o-l-ni c  toso-1 . 2 , 2-t i lliuoioethyl 
Inf iuctomethyi  Sultide 

Iwo  pt  epar  at  lent,  were  at  r  led  out  as  follows.  A  1-liter  Vycor 

flask  wa~  charged  with  CF  SCF-CF  ‘,2. 6«  g  ,  0.02  mole  )  and  C1N0  (1.31  g.  , 

0  02  molt'  and  pia-ed  m  sunlight  tot  several  hours.  At  the  end  of  this 
r ime  it  .ontained  a  blue  liquid  and  a  blue  overgas.  This  product  was 
separated  by  GLC  using  an  8-inch  column  packed  with  Kel-F  Acid  8114  ethyl 

eater  and  pure  CF  xCF  N0/CF  Cl  (0  4  g.,  0  0016  mole)  was  obtained.  An 

infrared  spe.tr _m  a  this  material  is  shown  in  Figure  A7  and  the  NMR 
analysis  ir  Appendix  B 

t  Attempted  synthesis  of  Car boxysulf ur  Pentaf luoride 


SF  CH  CH  Ci 


A  v2-l iter  tlask  fitted  with  a  V> _or  immersion  well  was  evacuated 
and  barged  with  SF  Ci  (60  3  g.  ,  0  371  mt.le)  and  CH  =CH  (7.70  g., 

0.2"5  mc.le>  Ihe  mixture  was  irradiated  tor  six  hours  and  then  removed 
and  dlatilxed,  giving  32  g  \bxZ  tcnversion)  of  SF  CH  CH^Cl. 

SF  CH-CH 


A  300-mi.,  l-ne^K  flask  was  fitted  w1 th  an  addition  funnel, 
stirrer,  and  reflux  ..naenoct  tented  to  a  trap  cooled  to  -78°.  Potassium 
hydroxide  < 18  0  g  ,  0, 32i  mole)  was  placed  m  the  flask  and  h^O  (20  ml.) 
was  added  As  soun  as  the  KOH  dissolved,  C.H  OH  (60  ml.)  was  added.  The 
solution  was  heated  to  refiax  and  SF  CH  CH,Cl  (32.0  g. ,  0.168  mole)  was 
added  from  the  addition  tunnel  The  mutate  was  refluxed  for  one  hour  end 
distiixed  giving  5.5  g  *  2 1  %  .onvttsicn  of  SF-CH-CH  ,  b.p,  38'-431'. 

SF  COOH 


By  oxidation  of  SF -CH--CH  :  \inylsuifur  pentaf luor ide  (1  35  g., 

8. '  mmcies  was  p^a-ed  in  a  3-ne.k,  100-mi  flask  fitted  with  a  stirrer, 
retlux  .ondenstr,  and  addition  tunnel  containing  a  solution  of  KMnO-, 

2  5  g  ,  16  mmoies)  in  a.etone  1  >?  mi  )  and  H£0  (12  ml  ).  The  KMnOe 
sciuticn  was  siowly  dropped  into  the  reaction  pot  and  MnO^  formed  almost 
lmroedla.ely  After  stirring  for  several  hours  the  MnO^  was  filtered  off, 
and  r ne  filtrate  was  a.idified  with  H  SO  A  white  solid  formed  immediately. 
This  solid  was  filtered  ctr  and  an  infrared  spectrum  was  made,  but  it  did 
not  shew  the  presence  ct  at.  S-F  group  The  filtrate  was  extracted  with 
ethyl  ether  and  ar.  infrared  spectrum  made  of  the  extracts,  but  it  did  net 
show  S-F  absorption 
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By  reaction  of  carbonyl  fluoride  with  sulfur  tetraf luor ide :  Two 
attempts  were  made  co  react  SF  4  with  COF,,  using  CHjCN  as  a  solvent  and  one 
with  tetramethvlene  sulfone  as  a  solvent.  The  results  of  all  three 
reactions  were  similar.  One  of  them  is  described  below. 

A  300-ml.  autoclave  was  charged  with  CsF  (3.5  g.,  0,023  mole), 

CH jCN  (50  ml.),  SF„  (28.0  g.,  0.26  mole),  and  COF,,  (17.0  g.,  0.26  mole) 
ana  heated  at  200°  for  eight  hours.  The  volatile  products  were  removed 
and  examined  by  infrared  spectra.  There  was  no  evidence  for  the  presence 
of  any  compound  containing  an  S-F  group.  When  the  autoclave  was  opened  it 
was  found  to  be  partially  filled  with  carbonaceous  material.  Tt  appears 
that  reaction  occurred  with  solvent. 

By  reaction  of  SF sCl  with  putyl  lithium  and  carbon  dioxide:  A 
solution  of  butyl  lithium  (3.5  g. ,  55  mmoles)  in  hexane  (vl,7  molar)  was 
placed  in  a  small  4-neck  flask  fitted  with  a  stirrer,  gas  inlet,  gas 
outlet,  and  low  temperature  thermometer.  The  reaction  flask  was  cooled  to 
-78“  and  SF5CI  (8.72  g. ,  54  mmoles)  was  bubbled  in  at  a  rate  so  that  the 
temperature  did  not  rise  above  -55°,  After  the  SF 5CI  was  added,  CO  2 
(0.2  mole)  was  bubbled  in  at  the  rate  of  80  cc/min,  The  solution  was  then 
allowed  to  warm  to  room  temperature  with  continued  carbonation.  The 
solution  was  poured  into  100  ml.  of  6N  HC1  and  a  2-layer  mixture  resulted. 
The  hexane  was  evaporated  and  a  layer  of  H^O  over  a  small  amount  of  orange 
liquid  was  left.  This  liquid  was  separated  and  dried  and  an  infrared  and 
nuclear  magnetic  resonance  spectrum  were  made.  Nei  :her  spectrum  showed 
evidence  for  SFs.  The  water  layer  was  extracted  with  ethyl  ether;  the 
extract  was  dried  and  an  infrared  spectrum  made,  but  it  showed  no  SF^ 
absorption.  The  remainder  of  the  water  layer  was  then  neutralized  with 
NaOH.  A  solid  was  filtered  off,  but  again  it  showed  no  evidence  for  the 
presence  of  a  sulfur-fluorine  compound. 

g .  Attempted  Synthesis  of  SF - N£ 

Reaction  of  disulfur  decafluoride  and  nitric  oxide  at  150c 


An  80-ml.  Fischer-Porter  tube  was  charged  with  S^F^o*  (2.06  g. , 
8.1  mmoles)  and  NO  (0.486  g.,  16.2  mmoles)  and  heated  at  150c  for  three 
hours.  During  the  reaction  the  tube  became  etched.  The  volatiles  were 
separated  by  VPC  and  identified  as  N0t,  S0;Ft,  SOF2,  SO2,  5fcOSFt,  NO, 
and  S?F  q. 


A  300-ml.,  stainless  steel  autoclave  was  charged  with  S  2  F  j  c 
(2.80  g. ,  11  mmoles)  and  NO  (0.66  g.,  22  mmoles)  and  heated  at  150° 
for  two  hours.  An  infrared  spectrum  of  the  overgas  showed  N2O,  SOFj, 
SO2F2,  and  SF*.  It  was  then  heated  for  an  additional  24  hours.  Another 
Infrared  spectrum  showed  that  SF4  had  disappeared  and  that  the  major 
product  was  SOFj.  There  was  no  absorption  to  indicate  the  presence  of 
SF5NO . 


* 

Sample  donated  by  Dr.  James  W.  Dale,  Monsanto  Research  Corporation. 
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Reaction  of  disulfur  decaf luor lde  and 
nitric  oxide  In  electric  discharge  tube 

A  1-llter  flask  was  charged  with  S >F  0  (2.80  g. ,  11  mmoles) 
and  NO  (0.66  g. ,  22  mmoles)  and  connected  to  an  electric  discharge 
apparatus  (Fig.  1)  powered  by  a  15  kv,  30  mamp.  transformer.  A  pressure 
of  5-7  mm  was  maintained  during  reaction.  The  products  were  caught  at 
-196'  and  later  separated  by  VPC.  They  were  identified  by  infrared  spectra 
as  CF  ;  r?  Cl;  SiF.;  N  O;  SFb;  SO?  ;  SFsCl;  S02:  SF..(SO^F)2;  and  an 
unknown  with  infrared  absorption  at  6.8,  8.12,  12  10,  and  15.65  microns. 

The  major  product  was  SO  .  The  CF*,,  CF)C1,  and  SF 5CI  probably  resulted 
from  reaction  with  Kel-F  grease  used  on  the  -joints  of  the  discharge 
apparatus  A  small  amount  of  sulfur  was  deposited  in  the  discharge  tube. 

A  1-llter  flask  was  charged  with  StFjQ  (2.80  g. ,  11  mmoles) 
and  NO  (0.66  g. ,  22  mmoles)  and  connected  to  the  electric  discharge 
apparatus  powered  by  a  7.5  kv,  15  mamp.  transformer,  A  pressure  of  2-3  mm 
was  maintained  during  reaction  A  stream  of  air  from  an  air  gun  was 
directed  across  the  discharge  tube  during  reaction,  but  it  still  warmed 
above  room  temperature.  One-half  of  the  material  was  reacted  under  these 
conditions,  and  the  products  were  caught  at  -lSb1" ,  These  products  were 
separated  by  VPC,  and  infrared  analysis  showed  them  to  be  CF„,  CF 3d : 
C1C(0)F;  SiF„;  SFb;  N  0;  SO, ;  S 2 F ;  q ;  unknown  with  infrared  absorption  at 
6.8,  8  12,  12.10,  and  15.65  microns:  and  unknown  with  strong  absorption 
at  8.61  and  9.06  and  very  strong  absorption  aroui.  ’  11. 0  and  11.7  microns. 

One-half  of  the  material  was  reacted  with  the  discharge  tube 
cooled  to  -78'.  These  products  were  caught  aL  -196°  and  separated  by  VPC. 
Infrared  analysis  showed  them  to  be  SiF_;  SF g, ;  N,0;  S02F2;  S0F2;  S02; 

S -F  0;  and  an  unknown  showing  absorption  at  6.8,  8.12,  12.10,  and  15.65 
microns . 

Reaction  of  sulfur  tetraf luor lde  and  nltrosyl  fluoride 

A  2075-ml.  nickel  reactor  was  evacuated  and  charged  with  sulfur 
tetraf luoride  (250  mm.,  3.0  g.,  0,0277  mole)  and  nitrosyl  fluoride  (500  mm, 
2  . 7  g.  ,  0.0554  mole)  The  reactor  was  heated  at  300a  for  two  hours  with 
little  apparent  reaction  as  determined  by  infrared  analysis.  Additional 
heating  for  two  hours  at  400v ,  however,  resulted  in  a  reaction.  Infrared 
analysis  showed  the  presence  of  SOF . .  Gas  chromatographic  separation  of 
the  1  roduct  mixture  on  a  Chromosorb-Kel-F  8114  ester  column  gave  six  peaks 
identified  (in  order  of  elution)  as  NO,  SFb,  N20,  S02F2,  S0F2  and  N02-S02. 

Suifur  tetraf luor ide  (5.8  g.,  0.054  mole)  was  condensed  into  a 
trap  at  -7b'  Nltrosyl  fluoride  (5.5  g.,  0.112  mole)  was  condensed  into 
this  yellow  liquid,  resulting  In  a  green  solution  which  was  separated  by 
warming  to  -40'  to  remove  unreacted  FNO.  The  higher  boilers  were  washed 
free  of  SF  by  bubbling  through  water.  Infrared  analysis  of  the  products 
showed  the  presence  of  N  0,  SOF>,  NOt ,  and  SFcCl.  Chlorine  may  have  been 
introduced  into  the  system  either  by  Kel-F  grease  or  by  reaction  with  the 
NaCl  windows  of  the  infrared  cell. 
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Reaction  cf  nltrosyl  chloride  and  SF  C.s_ 


A  300-ml  flask  containing  a  mixture  of  CsF  (i3.8  g  ,  0.025  mole) 
and  CsSFc  (c6.6  g.  ,  .025  mole)  was  charged  witn  NOC1  v.1,67  g,,  0.025  mole), 
and  the  contents  stirred.  The  volatile  products  were  removed  to  a  trap  in 
liquid  air  and  later  separated  by  GLC  They  were  Identified  by  Infrared 
spectra  as  C1NO,  NO  ,  SiF.,  SOF  ,  SO.F  ,  SF  ,  and  SF.C1.  There  was  no 
evidence  for  the  formation  of  SF^NO. 

Reaction  of  sulfur  tetraf luor ide ,  cesium  fluoride, 
and  dlnltrogen  tnoxide 

Two  reactions  of  CsF,  SF  ,  and  N^O.  were  earned  out  as  described 

below 


A  1.4-liter  autoclave  was  charged  with  SF  (23.5  g.  ,  0,218  mole), 
CsF  (34.4  g. ,  0.226  mole),  and  N^O,  (20.7  g  ,  0,27 2  mole)  and  heated  at 
100^  for  one  hour,  150  for  one  hour,  and  175*  for  two  hours,  The  only 
product  isolated  other  than  starting  material  was  SOF,. 

A  75-ml.  monel  cylinder  was  charged  wi.  SF.  (4.32  g.,  0.04  mole), 
and  CsF  (6.08  g. ,  0.04  mole)  and  heated  at  150'  for  five  hours.  The 
cylinder  was  then  charged  with  N ,0  j  (3  04  g. ,  0.04  mole)and  placed  In  an 
Ice  bath.  The  cylinder  was  allowed  to  warm  to  room  temperature  over  the 
weekend  and  the  volatile  products  were  analyzed  The  only  products  other 
than  starting  material  were  SOF;  and  a  trace  of  SO^F  . 

Reaction  of  SF - C 1  and  nitric  oxide 

A  300-ml.  autoclave  was  charged  with  SFr.Cl  (1.86  g.,  0.0115  mole), 
NO  (0.345  g. ,  0.0115  mole),  and  benzoyl  peroxide  (0.3  g.)  and  heated  at 
100'"  for  three  hours.  An  infrared  spectrum  of  the  overgas  showed  that  the 
only  product  formed  was  a  small  amount  of  SOF; 

Reaction  of  disulfut  decafluoride  and  nitrosyl  chloride 

A  1-liter  flask  was  charged  with  DMF  <  20  ml.),  A1C1 .  (1.0  g.), 

S;F  o  (2.92  g. ,  0.0115  moie),  and  C1NO  (0.75  g. ,  00115  mole),  and  the 
mixture  was  stirred  for  0.5  hour  at  room  temperature.  An  orange  solution 
ever  a  yellow  solid  developed.  An  infrared  spectrum  of  the  overgas  showed 
only  unreacted  starting  material.  The  reaction  vessel  was  placed  in  a 
70-85°  bath  for  two  hours  with  no  further  change. 

h.  Attempted  Synthesis  of  Tr  itxuoromethyl  Thionltnte 
Reaction  of  CF  )SAg  and  nitrosyl  chloride 

An  80-ml.  Fischer-Porter  tube  was  charged  with  CF.SAg  (1.00  g.  , 
4,78  mmoles)  dissolved  in  1.0  ml.  of  dimethyl! ormamlde  and  C1N0  (0.244  g. , 
3.76  mmoles).  Nitrosyl  chloride  was  charged  into  the  tube  by  freezing 
it  in  liquid  air,  evacuating,  and  condensing  from  a  tared  flask. 
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Aft.et  the  tube  was  sealed  it  was  allowed  to  warm  to  room  temperature, 
but  before  it  had  warmed  completely  a  reaction  took  place.  The  mixture 
was  allowed  to  stand  overt  ght  it  room  temperature  before  an  infrared 
spectrum  was  made  of  the  overgas.  It  showed  only  CF^SSCF^.  A  white 
solid,  probably  AgCl,  was  also  produced. 

Reaction  of  bis( trlf luoromethyl)  disulfide 
and  nitric  oxide 


Bis (trlf luoromethyl )  disulfide  and  nitric  oxide  were  reacted 
using  both  u.v.  light  and  electric  discharge.  Three  attempts  were  made 
to  prepare  CF  )SNO  by  reaction  of  CF3SSCF3  with  NO  in  the  presence  of 
u.v.  light.  The  following  is  a  typical  reaction. 

A  300-ml.  cuartz  flask  was  charged  with  CF3SSCF3  (0.354  g., 

1.'  mmoles'  and  NO  (0.105  g.,  3.5  mmoles)  and  irradiated  with  u.v.  light 
trom  a  Hanovia  utility  lamp,  Type  30620,  for  32  hours.  The  following 
compounds  were  found  to  be  present  in  the  indicated  ratios  (by  gas 
^hromacogram'/  : 


Compound 

Relative 

Ratio 

Compound 

Relative 

Ratio 

Compound 

Relative 

Ratio 

NO 

190 

Unknown 

5 

S0-> 

470 

CF  3NO 

630 

CF3SCF3 

40 

cs2 

330 

N.O 

1x0 

CF3N0^ 

30 

cf2sscf2 

470 

It  is  very 

likely  that 

the  CS2  was 

originally 

present  in  the 

CF3SSCF3  ai 

an  impurity. 

The  reaction  produced  CF 3MO  (1.3  mmoles)  in  38%  conversion. 

This  amount  represents  90%  of  the  material  formed  from  CF3SSCF3. 

A  small  amount  of  CF^SSCF.  was  placed  in  the  bottom  of  the 
electric  discharge  tube  which  was  cooled  to  -78°.  A  1-liter  flask  charged 
with  500  mm.  cf  NO  was  connected  to  the  apparatus,  and  NO  was  passed  over 
the  CF  SSCF-  while  a  discharge  was  produced  by  a  15  kv,  30  msmp.  transformer. 
The  volatile  products  were  trapped  In  liquid  air  and  later  separated  by 
VPC.  A  small  amount  of  very  viscous  material,  insufficient  for  analysis, 
was  left  in  the  discharge  tube.  Infrared  spectra  of  the  volatiles  showed 
them  to  be  CFvCl;  C1FC-0;  CF3SCI ;  N0C1;  NO;  N02;  CF*;  N20;  S02F2;  S0F2: 
CF-N02;  SO.;  CF3SSCF3;  unknown  with  absorption  at  6.8,  8,12,  12,10,  and 
15.65  microns;  and  an  unknown  eluted  from  the  VPC  column  about  45  minutes 
after  CF3SSCF3  with  absorption  at  8.1,  8,3(s),  9.0(s)  and  13.1  microns. 

Reaction  with  trlf luoromethanesulf enyl  chloride 
and  nitric  oxide 


Two  reactions  of  CF-sSCl  with  NO  were  run.  In  the  first  reaction 
a  1-liter  Vycor  7910  flask  was  charged  with  CF3SCI  (1.46  g,,  10.7  mmoles) 
and  purified  NO  (0.32  g.,  10.7  mmoles).  The  materials  rere  frozen  into 
the  flask  as  a  white  solid,  allowed  to  warm  to  room  temperature,  and 
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irradiated  with  ultraviolet  light  for  16  hours,  An  infrared  spectrum  of 
the  product  mixture  showed  NO?,  S02>  CF3SCI,  CF.NO,  CF  .NO  ,  and  SlF., 

An  attempt  was  made  to  separate  the  mixture  by  GLC ,  but  unsatisfactory 
resolution  was  obtained. 

in  the  second  reaction  a  1-liter  flask  was  charged  with  purified 
NO  (0.642  g, ,  0,021  mole)  by  freezing  it  in  as  a  white  solid.  As  soon  as 
the  CF ^SCl  (1.46  g.,  0,011  mole)  was  condensed  in,  the  solid  material 
became  bright  red.  On  warming  above  the  freezing  point  the  color 
disappeared,  but  when  the  sample  was  solidified  again  the  bright  red  color 
returned.  Infrared  spectra  of  the  gas  phase  showed  only  starting  materials. 
The  reactants  were  transferred  to  a  flask  containing  absolute  ethanol  and 
cooled  in  an  attempt  to  develop  the  red  color  in  a  liquid  phase,  However, 
no  color  developed  even  when  the  alcohol  was  cooled  to  its  freezing  point. 

An  infrared  spectrum  still  showed  CF  .SCI  and  NO. 


Reaction  of  tri f luoromethanesulf enyl  chloride 
and  nitrosyl  chloride 

Two  reactions  of  CF  .SCI  with  N0C1  were  run.  The  following  is 
a  description  of  one  reaction, 

A  magnetic,  stirring  bar  and  several  ml.  of  Hg  were  placed  in  a 
1-liter  flask  which  was  then  evacuated.  This  flask  was  charged  with 
CF3SCI  (1.18  g.,  0.009  mole)  and  N0C1  (1.71  g.,  0,026  mole),  immersed  in 
ice-water,  and  the  contents  stirred  for  three  hours.  The  volatile 
products  were  removed  to  a  trap  in  liquid  air  and  later  separated  by  a 
co-distillation.  Some  of  the  products  were  identified  by  infrared  spectra 
as  NO2,  C1N0,  SiFi,  CF3SCI,  CF3C1,  C0r'2,  and  CFjNO^  In  addition  to  these 
products  there  was  a  continuous  elution  of  material  which  gave  absorption 
in  the  CF  region  and  in  the  NO?  region,  evidence  that  sample  decomposition 
was  occurring. 

Reaction  of  bis (tr if luoromethyl )  disulfide 
and  nitrosyl  chloride 

Three  reactions  of  CF3SSCF3  with  N0C1  were  run.  The  following 
is  a  description  of  ne  of  them. 

A  1-liter  Vycor  7910  flask  was  charged  with  C.  SSCF 3  (2.16  g,, 
0.011  mole)  and  C1N0  (0.53  g  ,  0.0H  mole)  and  placed  in  sunlight  for  four 
hours.  As  soon  as  the  flask  was  placed  in  sunlight  the  brown  color  or  the 
C1N0  began  to  fade.  At  the  end  of  four  hours  the  flask  was  filled  with  a 
light  yellow  gas  and  covered  with  a  thin,  white,  solid  coating.  The 
volatile  products  were  separated  by  GLC  and  identified  by  their  Infrared 
spectra  as  C1N0,  C^SSCF.,  NO,  N02,  S02,  CF<SC1,  CF3CI ,  CFjNO,  CF3N02, 
and  an  unknown  eluted  after  CF3SSCF3 . 
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Rea^cion  it  chi^.di  bunyi  tluctide  and  nitcosyl  lluoride 


Niitosyl  tluoride  u  g.)  was  condensed  Into  a  Pyrex  Fischer- 
Forter  cube  ..ntaining  abvuc  i  g.  ot  impure  thiocarbonyl  fluoride.  ihe 
tube  was  allowed  to  warm  and  an  intrared  spectrum  was  made  of  the  overgas, 
whi^h  was  t~und  to  contain  Sib  ,  COS  and  N  0.  Absorption  between  8  and 
9.2  microns  and  at  i3.i‘  microns  indicated  a  CF  .S  group,  Other 
unassigned  peaks  occurred  at  6,15,  6.25,  and  6.52  microns,  The  latter 
peak  is  prcbabJv  due  to  CS .  while  the  first  two  peaks  may  be  due  to  NO. 

The  spe.trum  changed  over  a  period  of  time,  indicating  decompositon  of 
the  sample  at  room  temperature. 


l .  Attempted  Synthesis  of  Pent af luorophenvl 
Thconitr lte 


Ar.  80-nu.  Fis^her-Pcrter  tube  was  charged  with  pentaf luorothic- 
phem.  (8.0  g  ,  0.0*0  mciei  and  sealed.  Ihe  contents  were  frozen  in 
iiqu  .1  nitrogen,  the  tube  was  evacuated,  and  nitrosvl  chloride  (2.8  g.  , 
0.043  male)  condensed  in.  The  tube  was  placed  in  a  -40c  bath  where  it 
liq-it.ed  and  then  rap’d. y  solidified.  The  tube  was  warmed  to  room 
temperature  An  intrared  spectrum  ot  tne  overgas  showed  NO,  C1N0,  SiF*, 
and  HC1.  The  overgas  t *a  pumped  oft  and  the  solid  (8.0  g.)  wan  washed 
with  benzene  and  dried.  it  was  identified  as  C<>F-SSC-F^ ,  m.p.  49.5°-51° 

1 rptd .  m  p  50  -5i  ),  m.wt.  if.p.  in  benzene)  388  lealed.  398,2). 
Conversion  was  100%  Ar.  intrared  spectrum  Is  shown  in  Figure  A8. 

j .  Attempt  d  Synthesis  ot  2-Chloro-l-Nltroso- 
1,2,2  ltluoroethylsultur  Pentaf luoclde 

Tr ltlucrovinylsuitur  pentatluoride  was  reacted  with  nitrosyl 
hlcrlde  in  bmh  the  gas  phase  and  in  solution  .*  Inscribed  below. 

A  l-liter  Vycor  tiask  was  charged  with  SF;CF=CF^  (2.39  g., 

0.01i5  n.orfi  and  C1N0  (0  7  5  g,,  0,0(15  mcle)  and  placed  in  sunlight.  After 
aboat  cr.e  hour  the  gas  began  tv  turn  green.  An  infrared  spectrum  of  the 
mixture  at  this  point  showed  absorption  at  6.2  microns  m  addition  to  new 
peaks  in  rhe  C-F  region.  The  tiask  remained  in  sunlight  over  the  weekend. 

,  this  time  there  was  a  light  green  liquid  present,  but  no  colored  overgas 
An  intiated  spe.t.-.m  showed  only  very  weak  absorption  in  the  6-6.5  micron 
region. 


An  80-m..  tubt  was  charged  with  dimethyl  lormamide  (8.0  g.), 

Aid  (1.0  g.l,  Sf  CF^CF  (2  08  g. ,  O.Oi  mole),  and  C1N0  (0,65  g.,  0.01 
mole'  As  soon  as  the  tube  warmed  to  room  temperature,  a  green  solution 
with  a  blue  cvergas  developed.  Atter  standing  tor  about  one  hour  the 
mixture  developed  into  a  blue  gas  over  a  two  phase  liquid  (green  over  blue) 
The  blue  overgas  was  trapped  m  another  container  and  the  boctom  layer  of 
blue  liquid  bo.led  out  with  it  The  product  was  purified  by  GLC  and 
.demit  led  by  its  .nlrared  s^cetrum  as  CF  ClCTClNO.  No  evidence  was  found 
tot  tne  presence  ot  SF  CF(NO)CF  Cl. 
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k.  Attempted  Synthesis  of 

2-Chloro-2-Nitroso-l, 1 , 2r-Tr  if  luoroethyl 
Tr ifluoromethyl  Sulfide 

A  1-liter  Vycor  flask  was  charged  with  CFjSCF2CFC1I  (A, 50  g,, 
0.013  mole)  and  NO  (0.51  g.,  0,017  mole)  and  placed  in  sunlight  for  four 
days.  At  the  beginning  of  the  reaction  the  liquid  reactant  was  almost 
colorless.  It  continuously  turned  a  darker  red  and  iodine  began  depositing 
on  the  walls  of  the  flask.  An  infrared  spectrum  of  the  overgas  showed 
absorption  in  the  -NO  region,  6.2  microns,  as  well  as  the  C=F  region  8-9 
microns.  It  appeared  that  the  major  reaction  was  the  decomposition  of  the 
starting  material. 


2 .  Synthesis  of  Fluoroaromatic  Compounds 


a .  Pentafluoronltrosobenzene  i *■ 

A  solution  of  90%  H202  (100  ml.)  and  90%  HCOOH  (A00  ml.)  in 
CH2C12  (2  1.)  was  placed  in  a  5-liter,  3-neck  flask  fitted  with  addition 
funnel,  stirrer,  and  ice-water-cooled  condenser.  A  solution  of  C6F5NH2 
(102  g.,  0.55  mole)  in  CH2CI2  (500  ml.)  was  rapidly  added  dropwise  to  the 
stirred  solution,  Shortly  after  addition  was  begun,  the  solution  turned 
blue,  then  deep  blue-green.  Heating  to  reflux  was  begun  and  after  about 
five  minutes  the  solution  was  brown.  In  15  minutes  the  color  was  green- 
brown  and  after  30  minutes  the  solution  was  again  green.  Refluxing  was 
continued  for  five  hours  and  the  solution  was  then  washed  with  six  500-ml, 
portions  of  water.  The  organic  layer  was  dried  over  anhydrous  magnesium 
sulfate  and  the  solvent  stripped  until  a  pot  temperature  of  77°  was 
reached.  The  remaining  liquid  was  then  distilled  on  an  18-inch  spinning 
band  column  giving  A8.8  g.  of  product,  b.p.  51',/20mm.  The  pot  residue, 
presumably  C6F5NO2,  weighed  A0. 5  g.  Recrystallization  from  pentane 
(2  ml./g.)  gave  39.9  g.  of  product,  m.p.  A2'"-AAC-  The  compound  may  also 
be  purified  by  sublimation. 


b.  Attempted  Preparation  of 

p-Nltrosotetraf luorobenzoic  Acid 

Tetraf luoroterephthalic  acid  (10  g.,  0.0A2  mole)  and  water 
(500  ml.)  were  placed  in  a  flask  and  heated  'o  60’  while  Ag  C  (A ,98  g,, 
0.021  mole)  was  added  in  small  amounts  as  it  appeared  to  react.  After 
about  two  hours  the  solution  was  evaporated  to  half  its  volume  and  then 
cooled.  Some  solid  formed  and  was  filtered  off.  The  i;ltrate  was  washed 
with  acetone  and  more  precipitate  formed  and  was  filtered  off.  These 
filter  ca'res  were  recrystaliized  twice  by  dissolving  in  hot  water  and 
precipitating  in  excess  acetone.  The  final  product  was  a  white  solid 
which  was  oven  dried  and  found  to  weigh  7  g.  Analysis  gave  32%  Ag. 

Theory  for  H02CC6F/.C02Ag  is  31.3%  Ag. 
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Several  grams  of  the  silver  salt  were  placed  in  an  ampoule  and 
ohaken  at  room  temperature  with  excess  C1NC,  When  the  C1N0  was  removed, 
a  yelluw  soljd  remained.  This  solid  was  heated  at  200“  under  complete 
vacuum  with  almost  no  noticeable  change.  An  attempt  was  then  made  to 
isol  >te  the  product  from  the  AgCl  which  was  formed  during  its  preparation 
by  dissolving  it  m  ethyl  ether.  However,  the  ether  appeared  to  be  wet 
as  the  product  immediately  turned  white  and  gave  off  a  gas  which  infrared 
showed  to  be  NO.  An  infrared  spectrum  of  the  solid  residue  showed  it  to 
be  tetralluoroterephthalic  acid. 


.  p-Am  motet  raf  luoromt  to  so  benzene 


Methylene  chloride  (175  mi.),  90%  H,0>  (20  ml.)  and  90%  HC02H 
(  0  ml.)  were  placed  in  a  flask  fitted  with  a  stirrer,  reflux  condenser, 
and  addition  funnel  containing  p-NH  C,F  NH,  < 9  g, ,  0,05  mole)  in  CH2C12 
>200  ml  •  This  solution  was  added  dropwise  while  the  reaction  mixture 
was  heated  to  relrox.  The  solution  turned  orange-brown  and  remained  that 
iOcOi  during  cht  i.ive-hour  refluxing.  The  mixture  was  washed  with  water 
and  dried  over  Na.SO.  It  was  thtn  transferred  to  a  sublimation  apparatus 
and  the  solvent  removed  under  vacuum.  After  the  solvent  was  removed,  the 
sorid  was  heated  at  100  under  total  vacuum,  and  a  green  solid  deposited 
on  the  cold  linger  (0,4  g. )  Lefi  in  the  sublimation  apparatus  was  4  g, 
of  a  red-brown  solid  which  had  an  odor  similar  to  CcF.-N02.  An  infrared 
spectrum  of  the  product  js  shown  in  Figure  A12. 

d,  Attempted  Synthesis  of 

4  -Dinit rosooct at luoroblphenyl 

A  solution  ol  4 ,4 ’ -dlaminooctaf luoroblphenyl  (23.5  g,,  0.07  mole) 
in  CH  Cl  i 600  ml.'  was  added  rapidly  to  a  stirred  solution  of  90%  formic 
acid  (L00  ml.),  90%  hydiogen  peroxide  (25  ml.),  and  CH2C12  (5C0  ml,). 

After  initial  icrmation  ot  a  deep  blue-green  color,  the  color  faded  to 
reddish-brown  After  two  hours  at  reflux  a  green  color  reappeared. 

Reflux  was  continued  tor  five  hours.  The  yellow-green  solution  was  washed 
with  six  500-mi  portions  of  water  and  dried  over  MgSO^.  The  solution 
was  stripped  of  sexvent  to  a  volume  of  about  100  ml.  On  cooling,  15.1  g, 
of  yellow  solid  precipitated.  The  muting  point  of  the  sample  depends  on 
age,  purity,  and  temperature  at  which  the  sample  is  placed  in  the  melting 
point  apparatus.  The  true  molting  point  appears  to  be  between  175c-1850. 

A  second  tun  using  only  L  g.  of  the  amine  gave  identical  results. 

3 .  Synthesis  ot  Nittoso  Esters  and  Derivatives 
a  Synthesis  ct  CH.O,C<CF  );C0,N0 


The  nitrite  was  prepared  by  two  methods  -  reaction  of 
CH.G  C(CF  )  CO  Ag  with  nitrosyl  chic 'ide  and  reaction  of  perf luorosuccinic 
anhydride  with  methyi  nitrite.  The  latter  method  is  described  here. 
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Methyl  nitrite  (12,2  g. ,  0,2  mole)  and  perf luorosuccinic  anhydride 
(34.2  g,,  0.2  mole)  were  condensed  into  a  Fischer-Por ter  aerosol  compati¬ 
bility  tube  and  allowed  to  warm  to  room  temperature,  The  tube  was  shaken 
to  insure  thorough  mixing  and  soon  became  warm,  After  about  1-2  hours  the 
tube  had  cooled  and  contained  an  amber  liquid,  Unreacted  starting  material 
was  removed  at  reduced  pressure.  Yield  was  nearly  quantitative, 

Anal.:  Calcd.  fcr  C5H3F4NO5:  %C,  25.76;  %H,  1,29;  %F,  32.60, 
Found:  %C,  25.84;  %H,  1.33;  %F,  45.25,  36.91. 

An  infrared  spectrum  of  this  compound  is  shown  in  Figure  A14  and 
the  NMR  analysis  in  Appendix  B. 


b.  Synthesis  of  CH30?C(CF2 ) 3CO2NO 


Methyl  nitrite  (12.2  g.,  0.2  mole)  and  perfluoroglutaric  anhydride 
(44.4  g. ,  0.2  mole)  were  reacted  as  described  above  with  similar  results. 

Anal.:  Calcd  for  CfH3FfcN05:  %C ,  25,44;  %H,  1,06;  %F.  40.28, 

Found:  %C,  25.70;  %H,  1.28:  %F,  40.53, 

An  infrared  spectrum  of  this  compound  is  shown  in  Figure  A15  and 
the  NMR  analysis  in  Appendix  B. 


c.  Synthesis  of  CH3O2C (CF2) 2N0 


A  250-ml,,  2-neck  flask  was  fitted  with  an  addition  funnel 
containing  CH3O2C (CF2) 2COONO  (52  g. ,  0,223  mole)  and  a  15-inch  Vigreaux 
column  which  was  fitted  with  an  air-cooled  condenser  constructed  on  the 
order  of  a  Dean-Stark  apparatus.  The  condenser  was  vented  to  a  vacuum 
system  through  a  -183°  trap,  and  a  total  vacuum  was  maintained  thoughout 
the  system  as  the  nitrite  was  dropped  into  the  flask  which  was  heated  to 
200°.  The  Vigreaux  column  was  heated  to  250°.  After  the  pyrolysis  had 
been  going  for  several  minutes,  a  blue  product  collected  in  the  -183° 
trap  and  a  colorless  liquid  began  to  condense  in  the  air-cooled  ccnden'  t, 
This  liquid  was  periodically  removed.  The  -183°  trap  was  allowed  . ,  ;m 
to  room  temperature  and  the  remaining  liquid  product  was  washed 
water.  The  blue  product  was  separated  and  distilled  twice  by  .  -Ling 
from  one  trap  to  another  under  vacuum,  discarding  the  last  several  ml, 
of  liquid  each  time.  A  GLC  of  the  final  product  (8.3  g,,  20%  conversion) 
showed  it  to  be  100%  pure. 
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Ac.ax  .  C  j  ...d  r.t  C  H  F  No.:  C,  2b. -0:  %H,  1,60;  %F,  40.21, 
Round:  XC,  <.5,6 6:  ?H,  .  '2:  %F,  *u  4i . 


An  intrared  spectrum  oi  ttus  compound  is  shown  In  Figure  A16  and 
the  NMR  analysis  in  Appendix  B 


d.  Synthesis  ct  CH  ,0  C  CF  )  .NO 


By  pyr^iy'i  Jt , boxy iat ion 

A  2 - r. t > k  tiask  was  fitted  with  an  addition  funnel 

^ntairun^  CH  0  CCF  ,  CuONO  ')_,.0  g.,  O.1I6  mole)  and  a  15-inch  Vigreaux 
^lumn  vented  to  a  -a.  ...am  system  through  a  trao  cooled  to  -183°,  A 
■  omp i c : e  vacuum  w^s  nidincained  enroughout  the  system  as  the  nitrite  was 
dropped  into  _ne  tiasK  whi_h  was  heated  to  r00'.  The  column  was  heated 
t.  2'0  Attet  rht  pyrolysis  was  completed,  the  material  m  the  -1831' 
trap  was  allowed  tu  warm  to  room  temperature,  the  nitrogen  oxides  were 
removed  under  va-oum,  Qnd  the  blue,  liquid  residue  was  washed  with  water. 
The  blue  product  was  separated  and  distilled  twice  by  belling  from  one 
trap  to  anoth-r  under  va.uum,  discarding  the  aast  several  ml.  of  liquid 
each  time.  A  uLC  of  the  final  product  showed  ic  to  be  100%  pure.  A  total 
ct  13  g  ot  pure  CH.O  C-CF  I  NO  was  obtained.  Conversion  was  47%. 

Ar.ai  .  :  Coiud.  tor  C  H . F  r  NO  . :  %C,  2b. 11;  %H,  1,25;  %F,  47.70, 
Found  :  XC ,  < ;  30;  %H,  1 . 1 7 ;  %F,  4  7.40, 

B>  photutytl.  deceit  buxy  lot  ion 

4-Car  bemet  ticxype  1 1  j.uorobutyryl  nitrite  {40  g,  ,  0,14  mole)  was 
placed  m  a  r-iitfei  dask  equipped  with  a  Vycor  Immersion  vTell  and  an 
outlet  .unne^ted  t..  a  va.uum  system  through  a  trap  cooled  in  liquid  air, 

Iht  nitrite  was  irradiated  by  a  No.  8a36  Hanovia  lamp  suspended  in  the 
immersion  wt.i.  Irradiation  was  continued  tor  48  hours  at  0.1  mm  pressure. 
The  blue  dq-xd  product  was  removed  tiom  the  trap  and  combined  with  the 
product  trem  a  similar  experiment  using  33  g.  ot  nitrite.  The  combined 
piodu.tr  were  Ira  donated  to  give  12  g.  (20%  conversion)  of  pure  methyl 
4-nidoacpe  i  tiuorobut vrate  ,  b  p.  24  -26  /  26  mm. 

An  inflated  sptdtum  oi  this  -omnound  is  shown  in  Figure  A17  and 
tr.e  NMR  an<uy  =  is  in  Appendix  B 
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[  e.  Isolation  of  [CH ;0 2C (CF  2  > 3] 2N0 (CF2 )  CO  CH < 


High-boiling  liquid  by-products  from  the  preparation  of 
CH ;02C (CF2)  3NO  were  combined  and  fractionated  using  a  24-mch  glass 
helix  packed  column.  The  major  portion  of  this  material  was  removed  at 
137°-140°/0, 1  mm.  Infrared  (Figure  A18)  and  NMR  analysis  (Appendix  B) 
were  consistent  with  the  structure  [CH }02C(CF2) 3] 2NO(CF2)  CO,CH3. 

Anal.:  Calcd.  for  C;^H9Fl6NO-:  ZC,  27.45;  ZH,  1.37:  %F.  52.00; 
%N ,  2.13.  Found:  ZC,  27.80;  ZH,  1.60;  %F,  52.98;  %N,  2.40. 

f.  Synthesis  of  [H2N0C (CF J  j 2N0(CF, )  ,C0NHt 


Ethyl  ether  (150  ml.)  and  [ CH  3O  2C (CF , ) .  ] , NO (CF  2 ) 3CO  2 CH  , 

(113.5  g.,  0,173  mole)  were  placed  in  a  250-ml  flask  and  cooled  in 
ice-water.  Ammonia  was  bubbled  into  the  solution  with  rapid  stirring 
until  uptake  of  ammonia  ceased.  Ether  was  removed  under  vacuum  and  the 
residue  was  ground  to  a  powder  and  dried  in  a  vacuum  oven  at  50*  to  give 
76  g.  (72%  conversion)  of  a  white  solid,  m.p.  157u-160“,  Infrared 
(Figure  A20)  and  NMR  analysis  (Appendix  B)  were  consistent  with  the 
structure  [H2N0C (CF2 ) 3 ] 2N0 (CF2 ) 3C0NH2 . 

Anal.:  Calcd.  for  Cj 2H6F] :  %C,  23.50;  ZH,  0.98;  %F,  55.90; 
%N,  9.15.  Found:  ZC,  23.59;  ZH,  1.03;  ZF,  55.54;  %N,  9.19 

g.  Synthesis  of  [NC (CF2 ) 3 ] 2N0 (CF2 )  .CN 


A  250-ml.  flask  containing  thoroughly  mixed  P209  (150  g.)  and 
the  triamide  (72.6  g. ,  0.119  mole)  from  the  preceeding  reaction  was  heated 
to  200°  under  vacuum.  A  liquid  product  distilled  from  the  flask  and  was 
caught  in  a  cold  trap.  Distillation  gave  21.7  g.  (33%  conversion)  of 
[NC(CF2)  3]  2NO(CF2)  3CN  boiling  at  110°-115V60  mm.  Infrared  (Figure  A21) 
and  NMR  analysis  (Appendix  B)  confirmed  the  assigned  structure. 

Anal.:  Calcd  for  C:2F;eN-0:  %C,  25.82;  ZF,  61.28;  %N,  10.04. 
Found:  %C,  25.68;  ZF,  61.12;  %N,  10.16. 

h.  Synthesis  of  HC2C(.CF2)  3N0  by 
Hydrolysis  of  CH-02C (CF2 ) 3N0 


Methyl  4-nitrosoper f luorobutyrate  (10  g.,  0.042  mole*  was  placed 
in  an  Erlenmeyer  flask  containing  distilled  water  (60  ml.)  and  a  magnetic 
stirring  bar.  Th>  aqueous  layer  gradually  acquirad  a  blue  color  as  the 
eater  hydrolyzed.  After  five  days  the  lower,  organic  layer  was  no  longer 
present.  The  product,  4-nitrosoperf luorobutyric  acid  (7.0  g.,  75% 
conversion),  was  isolated  by  salting  out  with  sodium  chloride. 
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Attempted  Synthesi 


o I  CH  -CHCH  0  C. » CF  )  CO  NO 


Ai l y i  ni '  ;  1 1  c 


live  tjRihtita  a  diiil  nitrite  were  arned  oat,  Ln  the  first 
synthesis  no  ware:  was  used,  and  although  acme  allyl  nitrite  was  prepared, 
the  tea  t  ic  n  mixture  became  badly  charred.  Ihe  loliowing  is  a  description 
o  1  the  second  sviut.tsi; 

A  l-litci ,  i-rt.K  tlask  was  fitted  with  a  stirrer,  a  gas  outlet 
vented  thiccgh  a  trap  ..Died  t„  -i83  to  a  vacuum  pump,  and  an  addition 
tuiiriti  vntaining  i:0  mi  c.t  9M  H  SO  .  Into  the  tlask.  were  placed 
CH  *CHCH  uH  il*  g.,  2  moiesJ,  NaNO;  ii?3  g  ,  2.3  moles),  and  H,,0  (100  ml.). 
The  ptesaurc  w os  tedu.ed  to  approximately  600  mill  and  the  H  SO,  was  added 
dropwiae.  Alter  about  <3?  ot  the  H  SO.  had  been  added,  the  mixture  began 
giving  -r  r  cicwn  :  .met  and  the  tta,tica  was  stopped  The  material  caught 
in  the  -i8j  trap  was  o. stilled  to  give  1?3  mi.  ot  a  paie  ye.liow  liquid 
helving  a  4-  An  .nt;  juo  spectrum  snewtd  typical  nitrite  absorption. 

CH  mIHCH  0  C.  Cf  CO  NO 


Iwc  tea.  'lets  were  earned  out  In  the  first  reaction  perfluoro- 
gj-tariv  a-.hydrioe  n'  g  ,  0.12  mole)  and  ally!  nitrite  fix  g.,  0.13  mole) 
were  .endensed  into  an  8G-nu  tube  at  -183  After  it  was  sealed  the 

tube  Was  a. lowed  :o  warm  to  room  temperature  It  detonated  about  45  minutes 
alter  wa: ming  began 


in  the  st-.c-nd  reaction  anhydride  i  39  g,,  0.170  mole)  was  placed 
in  a  c30-mi  ,  3-neck  liask  containing  a  stirring  bai  and  fitted  with  a 
mticgen  lnlev  ana  outlet  and  an  addition  funnel  containing  allyl  nitrite 
•  22  g  ,  0.23  Hide)  Ihe  tlask  and  its  contents  maintained  at  0° 

while  iht  dilute  was  aadtd  aropvise  After  the  addition  was  completed, 
the  mixt  .re  was  stirred  ter  about  one  minute  belore  a  vigorous  reaction 
took  pia.e,  itavinfe  a  viscous,  dark  brown  unidentified  product. 

j.  Av tempted  Synthesis  of  ClOCiCF  )  <C0  NO 


Three  attempts  were  made  to  react  per t luoroglutar ic  anhydride 
with  C1N0  to  prepare  ClOCtCF  )-C0  NO.  in  the  tirst  reaction  a  20-ml. 
ampoule  was  .harged  with  anhydride  <i0  g.,  .03  mole/  and  C1N0  (6.3  g,, 

0,10  mcie'  and  allowed  to  stand  it  room  temperature  tor  two  days. 

Removal  -f  th  more  volatile  material  under  vacuum  left  only  the  unreacted 
anhydride  with  no  evidence  tor  the  foimation  ot  the  nitrite. 

ln  the  .e.cnd  reaction  a  1-liter,  Vycor  flask  was  charged  with 
anhydride  6  6  g.,  0,03  meie>  and  CiNC  (0.2'  g. ,  .04  mole)  and  placed  in 
sunligh  On  warming  t-.  ambient  temperature  the  liquid  phase  became  red 
and  the  ovtigab  was  pace  yellow.  After  several  days  the  overgas  acquired 
a  Slightly  green  oloi  .  Shortly  after  tins  the  stopper  popped  from  the 
tiask  and  the  contents  were  lost. 
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Ln  the  third  reaction  a  12-liter  tlask  was  charged  with 
anhydride  (30.0  g.,  0.135  mole)  and  C1NO  (8  0  g,,  0  120  mole)  and 
Irradiated  overnight  with  u.v.  light  through  a  Vycor  immersion  well 
Before  irradiation  the  pressure  was  280  mm  The  more  volatile  material 
was  removed  under  vacuum  and  the  highest  boiling  product  was  again  found 
to  be  the  anhydride. 


4 .  Synthesis  of  Trif luoronitrosomethane  and 
Ocher  Ni trqspalkanes 


a.  Tr it luoronitrosomethane 

Trif luoroacetyl  nitrite  is  added  at  a  constant  rate  to  a  5-liter 
flask  containing  refluxing  FC-43  (3000  g.)  The  flask  is  fitted  with  a 
2  x  24-inch  column  topped  by  a  water-cooled  -cndenser  Ihe  products  are 
passed  through  the  condenser  to  a  wash  column  containing  Raschig  ring 
packing  and  circulating  7%  aqueous  NuOH,  then  through  a  CaCi,  drying 
tube,  a  2  x  40-cm.  column  containing  Linde  4a  Molecular  Sieve,  and 
finally  into  a  trap  immersed  in  liquid  air 

In  a  typical  run,  352  g.  of  CF.N0  was  prepared  from  94b  g,  of 
CF  tCOONO,  a  conversion  of  54%.  About  120  g.  of  CF  .NO  is  prepared  per  day 
using  this  apparatus. 

b.  CF^BrCF.NO 


A  72-liter  flask  was  charged  with  CF,=CF^  (127  g.,  1,27  moles) 
and  BrNO  (140  g. ,  1.27  moles)  and  irradiated  with  u.v.  light  for  24  hours. 
The  mixture  which  was  originally  brown  had  now  turned  blue-green  and  was 
transferred  to  a  flask  for  distillation.  The  mixture  was  distilled  on  a 
glass-packed  column  to  give  approximately  10  g.  of  CFjBrNO  boiling  at  0“ 
and  69  g ,  of  CF.BrCF^NO  boiling  at  13c-201'.  NMR  analysis  is  given  ln 
Appendix  B  and  an  infrared  spectrum  is  shown  in  Figure  A23. 

c.  CH  jOCFCICF  tN0 


Approximately  100  ml.  of  CF^Cl^  was  coftdensed  into  a  300-ml . 
Fischer-Porter  aerosol  compatibility  tube  at  -78:  and  stirred  using  a 
magnetic  stirring  bar  Nitrosyl  chloride  (7.5  g, ,  0.12  mole)  was  condensed 
into  the  tube  and  thoroughly  mixed  with  the  solvent.  Methyl  trlilucro- 
vinyl  ether  (10.5  g. ,  0.095  mole)  was  slowly  condensed  into  the  solution, 
with  rapid  color  change  occurring.  Stirring  was  continued  lor  two  hours. 

The  solvent  was  then  evaporated  from  the  tube  on  warming  to  room  temperature. 
The  tube  was  then  connected  through  a  trap  in  liquid  oxygen  to  a  vacuum 
system  and  evacuated.  A  total  of  14.6  g.  of  blue  liquid  was  collected. 

Trap  to  trap  distillation  gave  10.6  g.  of  CH;0CFC1CF^N0 ,  which  was  about 
97%  pure  by  GLC.  The  product  was  stored  at  0;  NMR  analysis  is  given 
in  Appendix  B  and  an  infrared  spectrum  is  shown  in  Figure  A24 
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Attempted  Synthesis  of  ONCF2CF2CF2NO 


A  magnetic  stirring  bar,  mercury  (5  ml.),  NO  (0.10  g. ,  0.035  mole), 
and  HCFt)-!  (14.1  g. ,  0,035  mole)  were  placed  m  a  1-liter  Vycor  flask 
and  the  mixture  was  stirred  in  sunlight  for  eight  hours.  During  this  time 
a  large  amount  of  red  solid  deposited  on  the  walls  of  the  flask.  The 
volatile  material  was  removed  to  a  trap  in  liquid  air,  forming  a  white 
solid  with  a  trace  of  blue  coloring.  An  infrared  spectrum  gave  no  evidence 
ior  normal  nitroso  absorption. 

The  reaction  was  repeated  without  the  presence  of  Hg,  The  only 
difference  in  the  product  was  that  crystals  of  I2  were  deposited  on  the 
walls  of  the  flask.  There  was  still  no  evidence  for  the  formation  of  a 
nitroso  compound. 


e,  Attempted  Synthesis  of  CH3OCF2CF2NO 


Tetraf luoroethylene  (25  g.,  0,25  mole)  and  methyl  nitrite 
(13.7  g.,  0.225  mole)  were  charged  to  a  12-liter  flask  equipped  with  a 
quart2  immersion  well.  After  u.v.  irradiation  for  48  hours  with  a  No.  8A36 
Hanovia  lamp,  trap  to  trap  distillation  gave  mostly  unreacted  tetrafluoro- 
ethylene .  A  higher  boiling  blue  product  was  also  partially  purified. 
Further  Dunfication  of  this  product  on  VPC  gave  a  pure  sample.  Tht 
compound  was  identified  as  ONCF2CF2NO2  by  NMR  and  Infrared  analysis. 


f .  Reaction  of  Methyl  Nitrite  with 
Perf luorobutadiene 


Methyl  nitrite  (1.2  g.,  20  mmoles)  and  perf luorobutadiene 
(1  6  g  ,  10  mmoles)  were  charged  to  a  20-ml.  ampoule.  No  reaction  was 
apparent  at  room  temperature  in  the  absence  of  light ,  The  ampoule  was 
placed  in  sunlight  for  a  total  of  16  hours.  A  light  green  liquid  resulted. 
After  the  unreacted  material  was  removed,  an  infrared  spectrum  of  trie 
product  indicated  the  reaction  product  was  an  unsaturated  nitro  compound. 

Methyl  nitrite  (1.2  g. ,  20  mmoles)  and  perf luorobutadiene 
(1.6  g.,  10  mmoles)  were  charged  to  a  1-liter  flask  and  irradiated  with 
u.v.  light  from  a  Hanovia  lamp  type  8A36  for  four  hours.  A  light  blue-green 
liquid  was  formed.  Concentration  of  the  blue  liquid  by  trap  to  trap 
distillation  gave  only  a  trace  of  product,  but  the  color  quickly  faded. 

The  infra  d  spectrum  was  similar  to  the  product  obtained  above. 
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5 .  Synthesis  of  Intermediates  and 
Miscellaneous  Compounds 

a.  Sulfur  Containing  Compounds 

2,2,4,4-Tetrachlorodithietane  Cl^C^  ^CCl 

v  S 

Thiophosgene  (275  g.,  2.4  moles)  was  placed  in  a  dry,  nitrogen- 
flushed  1-liter  Vycor  7910  flask  which  was  then  fitted  with  an  adapter  and 
stopcock  and  placed  in  sunlight.  After  one  day  exposure  the  contents  had 
solidified  to  the  solid  dimer.  The  flask  was  opened  in  the  hood  and  72  g. 
unreacted  thiophosgene  was  decanted.  The  solid  crystals  were  washed  with 
hexane  leaving  14S  g.  of  the  desired  product.  An  additional  42  g.  was 
recovered  from  the  hexane  wash. 


2,2,4,4-Tetrafluorodlthletane  F^C 

Tetrachlorodithietane  (108  g,,  0.47  mole),  antimony  trifluoride 
(179  g.,  1.00  mole),  and  tetramethylene  sulfone  (250  ml.)  were  placed  in  a 
1-liter,  3-neck  flask  fitted  with  a  stirrer  and  outlet  to  traps  cooled  to 
0°  and  -183°.  The  mixture  was  heated  with  stirring  to  90-100°  and  maintained 
at  this  temperature  for  one  hour.  The  0°  trap  was  removed  and  the  condensate 
(50.6  g.)  distilled  through  a  70-cm.  vacuum-jacketed  column  packed  with  glass 
helices.  A  cut  (35.3  g.)  boiling  at  43-48°  was  obtained  and  washed  until 
colorless  with  a  solution  of  107,  NaOH  (25  ml.)  and  507(  (.3  ml.)  The 

organic  layer  was  separated,  dried  over  silica  gel  and  refractionated  to 
give  17.4  g.  of  product  boiling  at  48-48.3'. 

Trlf  luoromethylthiosllver14*4  CFjSAg 

A  300-ml.  stainless  steel  autoclave  was  charged  with  AgF  (14,88  g,, 
0.117  mole)  and  CS2  (18,9  g.,  0,248  mole)  and  heated  at  140°  for  12  hours. 

The  volatiles  were  removed,  and  the  remaining  solid  was  extracted  with  dry 
acetone  and  filtered.  A  fine,  brown  suspension  remained  with  the  filtrate 
and  could  not  be  removed.  The  acetone  was  evaporated,  and  5,5  g.  of  solid 
remained.  An  infrared  spectrum  of  a  Nujol  mull  of  this  solid  showed 
absorption  in  the  region  8. 8-9. 3  and  13.2-13.3  microns  as  reported  for  f^SAg, 

Trif luoromethyllminosulf ur  dl fluoride  CFjN=SF^ 

Sulfur  tetraf luoride  (70  g. t  0.05  mole)  and  NaSCN  (14  g.,  0.17  mole) 
were  reacted  according  to  a  reported  procedure  ' 'a  Tne  products  were 
separated  by  trap  to  trap  distillation  in  a  vacuum  line,  A  portion  of  the 
product-rich  fraction  was  subjected  to  preparative-scale  chromatography 
using  a  40-foot  column  packed  with  the  ethyl  ester  of  Kel  F  Acid  8114  on 
HMDS-treated  Chromosorb  to  givv  25  g.  of  pure  CF  iN»SF; . 
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Addition  of  suiter  chloride  pentaf loor ide 
to  l,l-di^hloro-2.2-dif iaoioethylene 


1.  Peroxide  initiation 


A  300-mi  stainless  steel  autoclave  was  charged  with  SF5CI 
(18.92  g.,  0  life  mole),  CF.'CCl,  C 2  33  g.,  0,0^27  mole),  CC1 .  (15  ml.), 
and  benzoyl  peroxide  (0  5  g.)  and  _ated  at  10C'  for  10  hours.  Almost 
all  of  the  starting  material  was  recovered  unreacted. 

11  Ultraviolet  initiation 


The  .ecovered  reactants  from  the  above  reaction  were  placed  in  a 
12-  iter  tlask  and  irradiated  witf  u.v.  light  over  the  weekend.  Some  liquid 
product  was  formed,  and  it  was  distilled  on  a  spinning  band  column.  One 
tsa.tiwti  was  obtained  at  j.06-114  (0  9  g, )  and  another  at  114-115“  (3.9  g.). 

Infrared  spt.tra  ot  these  two  fractions  were  identical.- 


.it  a  setond  add. ‘.ion  a  12  liter  flask  was  charged  with  SF5CI 
(31  2  g  ,  0.i92  mole  and  CF  *CC1^  (25.5  g. ,  0,x92  mole)  and  irradiated 
overnignt  with  u  v,  light  Distillation  of  the  liquid  product  gave  5.58  g. 
ot  material  boning  at  114-115  . 


The  reaction  of  equimolar  amounts  of  SF^Cl  and  CF2“CCl2  was 
repeated  several  times  until  about  60  g,  of  liquid  product  wa9  obtained. 

This  product  was  distilled  on  a  spinning  band  column  and  a  small  amount  of 
material  was  ootained  at  100-104'  The  material  in  the  pot  then  appeared 
to  undergo  a  reaction  and  vapors  began  passing  through  the  condenser.  An 
infrared  spe.trum  of  these  vapors  showed  them  to  be  SOF; ,  SiF4,  and  SFg. 

The  distillation  pot  was  cooled  to  room  temperature  and  the  pressure  reduced 
to  2  mm.  At  this  pressure  the  major  fraction  (21  g.)  boiled  at  48-56°.  An 
infrared  spectrum  of  this,  material  was  similar  to  the  spectrum  of  the 
proposed  SF  CF  CCi  • ,  but  not  Identical. 


1 . 1 . 2 , 2-Tettat luotoethyl  methyl  suit lde 

A  12-iicer  Pyrex  tlask  was  fitted  with  a  Vycor  immersion  well 
and  inlet  valve  and  evaluated.  Methyl  mercaptan  (9.2  g.,  0.192  mole),  and 
tetratiuoroethylene  (6.4  g  ,  0.064  mcle)  w:  re  bled  into  the  flask  and 
irradiated  by  an  Hanovia  type  SOL  lamp  for  four  hours.  The  contents  were 
then  removed  and  partially  purified  by  passing  through  traps  at  -8°  and 
-133  The  contents  ot  the  -8‘  trap  were  distilled  using  an  18-inch  spinning 
band  vOiumn  A  elear ,  color  less  fraction  (4,1  g. )  was  obtained  boiling  at 
65-68  and  identified  as  CH  SCF  CF-H.  Conversion  was  42%. 


b .  Fluoroaromatlc  Compounds 


Pentaf iuorophenyl  hydrazine 

Two  separate  reactions  gave  a  total  yield  of  542  g.  of 
CgFsNHNH^  The  following  is  a  description  of  one  reaction.  Hexafluoro- 
benzene  (250  g.,  i.34  moles)  and  .ivdrazine  hydrate  (141  g.,  ^.82  moles) 
were  refluxed  overnight  with  stirring  in  600  ml.  of  tetrahydrof uran ,  About 
500  ml.  of.  solvent  was  stripped  off,  and  the  remaining  hot  solution  was 
poured  into  3  liters  of  H^O.  A  pale  yellow  solid  formed.  This  material 
was  washed  several  times  by  stirring  with  water  and  decanting;  finally, 
ft  was  filtered,  washed  with  water,  and  dried  m  a  vacuum  desiccator  to 
yield  217  g.  of  pentaf luorophenylhydrazme  as  a  white  powder  (82%  conversion;. 

1.2,4,5~Tetrafluorob  nzenfe1’ 

Three  reactions  were  run.  The  following  is  a  description  of  one 

of  them. 


A  5-liter  flask  was  fitted  with  a  stirrer,  reflux  condenser,  and 
tubing  for  addition  of  solids.  The  flask  was  filled  with  3200  ml.  of 
3N  NaOK  and  the  solution  heated  to  reflux.  Pentafluorophenylhydrazine 
(217  g.,  1.1  moles)  was  added  in  small  amounts  over  a  one  hour  period. 

After  the  last  addition  the  solution  was  refluxed  an  additional  2  1/2  hours. 
The  mixture  was  distilled  and  a  two  phase  product  was  obtained.  The 
organic  layer  was  separated  and  dried  over  MgSOi. .  The  water  layer  was 
extracted  several  times  with  xylene  and  these  extracts  were  combined  with 
the  organic  distillate  over  MgSO*.  After  drying,  the  MgS04  was  filtered 
off  and  the  filtrate  was  distilled  on  a  spinning  band  column.  Fractions 
were  taken  as  follows: 

20 

B.P.  _ 

90-92  1.4088 

92- 93  1.4098 

93- 98  1.4149 

Infrared  spectra  were  tne  same  for  all  fractions. 

Tetraf luoroterephthalic  acld-*^ 

A  3-liter,  5-neck  flask  was  fitted  with  a  stirrer,  gas  inlet, 
gas  outlet,  thermometer,  and  addition  funnel  and  cooled  to  -78°.  Butyl 
lithium  (48  g.  in  320  g.  of  hexane  solution,  0.74  mole)  was  placed  in  the 
flask  and  cooled  to  jelow  -701 -  Tetrahydrof uran  (1  liter)  was  cooled  to 
-70°  and  poured  into  the  BuLi.  The  addition  funnel  was  filled  with 
p-CgF^Hj  (55.4  g. ,  0.37  mole)  in  THF  (75  ml.)  and  this  solution  was  slowly 
dropped  into  the  reaction  mixture  so  that  the  temperature  did  not  rise 
above  -65°.  The  solution  was  stirred  for  two  hours  after  the  addition  was 


Wt-  8- 
55.4 
29.1 
16.7 
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Cump.Lfcted  The  mixture  was  then  .arbonated  by  bubbling  CO 2  through  at  a 
race  su.h  that  the  temperature  did  not  rise  above  -65V  At  the  end  of  three 
hours  the  now  rate  was  16O  a./ hr  The  mixture  was  allowed  to  warm  to  room 
temperature  with  conti'-ued  carbcnation.  After  it  reached  room  temperature 
the  mixture  was  poured  into  i200  ml.  of  6N  HC1,  The  two  phase  mixture 
which  developed  was  stripped  of  IHF  and  about  600  ml-  of  water  before  a 
solid  began  dropping  out  As  the  residue  became  thicker  the  distillation 
wa6  stopped  Ihe  mixture  was  cooied  in  ice  water  and  filtered.  The  filter 
cake  was  dissolved  in  het  water  ana  decolorized  with  activated  charcoal. 

Thl6  soxutiun  Was  intered  and  ..^oled  to  0  The  white  solid  which  formed 
was  filtered  oil  and  dried  over  P,0  to  give  72  g.  v81%  conversion)  of 
tetrafluoroterept thall.  a. id,  m  p  *  a80— 2 

1  .u-Dihydtaz  lr.otetr  atl  uotoben2  ene 

Hcxatiuorobenzene  <186  g.,  1.0  nk.ie),  95%  hydrazine  (141  g,, 
c».4  moles.',  and  tet rahydtui .r an  '300  mi  )  were  stirred  and  refluxed  for  45 
hours  The  mixture  was  cccied  m  i.e  and  the  precipitate  temoved  by 
filtration  After  washing  wnh  500  ml.  of.  water,  39  g.  of  crude  1,4-dlhydra- 
zinobenzene  <m.p  i53-i64  1  remained  The  remainder  of  the  material  (96  g.) 
wa6  recovered  trom  the  THF  solution,  but  consisted  essentially  of  pentafluoro- 
phenylhydtaZ .ne  and  1 , 3-dihydt a2 inobenzene  as  determined  by  infrared  analysis. 

An  initial  experiment  on  a  0.5  mole  scale  gave  17  g.  of  product. 

1 ,6-Bia  acetophenone  >  cettatiuO£uphenyldihvd:azone~g 

A  Solution  01  i,w-dihydrazmotetialluorobenzene  (39  g.  ,  0.22  mole), 
acetophenone  » 17 5  mi  ;,  absolute  ethanol  (1500  ml.),  and  glacial  acetic  acid 
(15  mi  i  was  stirred  at  retiux  for  16  hours.  The  solution  was  cooled  in  ice 
and  the  product  (54.5  g  ,  69  8 %  .conversion)  separated  by  filtration. 

Recrystal lizatron  item  lsoptcpanol  gave  50  5  g  of  yellow  plates,  m-p.  160- 
162  iRpt .  167  5-168  > 

An  initial  experiment  cn  a  0.1  mole  scale  gave  22  g,  of  product. 

1  ,*»-Diamir.otettaiIu.tubenzene 

i,(*-B;.s  .a.etophen.ne.  tetrafluorophenyldihydrazone  (45.0  g.  , 

10.8  mmoles '  was  reacted  with  (in.  riui  g  ,  2. 16  moles)  in  acetic 
a. Id  i860  ml  •  at  retiux  temperature  lot  3  x/2  nours.  The  mixture  was  then 
tittered,  wasted  with  water  vl250  mu-)  and  extracted  with  ether  in  a 
Scxhiet.  The  ether  extra. t  was  iabelied  Sol  A  The  water  washings  were 
combined  with  the  original  filtrate  and  extracted  with  benzene  (five  375-ml. 
portions)  This  ben2tne  extra.t  was  then  washed  with  H;0  (five  250-ml. 
portions*.  Aiter  separation  from  1^0  the  oenzene  extract  was  labelled 
Sci  B  The  aqueous  washings  from  Sol.  B  were  neutralized  with  NaOH  and 
extracted  with  ethyl  ether  This  ether  extract  was  labelled  Sol.  C. 

Solutions  A,  B,  and  C  were  combined,  dried  over  MgSO.,  filtered,  and  stripped 
of  solvent.  The  dark  red-brown  residue  was  sublimed  under  vacuum  at  120-130° 
to  give  2.3  g  of  a  light  tan  solid.  A  melting  point  determination  (95-120°) 
showed  .hat  the  pr-du.t  wao  scin  impute. 
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1.2 ,4. 5-Tetraf luorobenzene 

Two  reactions  were  run.  The  following  is  a  description  of  one 
of  them.  A  5C0-ml.,  3-nec1'  flask  was  fitted  with  a  stirrer,  reflux 
condenser,  and  addition  funnel  and  charged  with  65%  fuming  H2SO4  (65.5  ml.), 
Br2  (60.2  ml.),  and  AlBr3  (2.2  g.).  The  addition  funnel  was  filled  with 
P-C6F4H2  (43.0  g.,  0.29  ■lole)  which  was  slowly  added  to  the  solution  in  the 
flask.  After  the  addition  of  C&F4H2  was  completed  the  solution  was  heated 
at  50-60“  for  four  hours.  The  mixture  was  then  poured  over  4  liters  of 
cracked  ice.  After  the  ice  melted,  the  pale  yellow  precipitate  which  had 
formed  was  filtered  off  and  washed  several  times  with  water  followed  by 
washings  with  Na2C03  solution.  The  filter  cake  was  then  dissolved  in 
methanol  and  precipitated  by  pouring  into  H20.  The  product  (50  g.)  was 
filtered  and  dried,  m.p.  73-75°. 

c .  Nitroso  Compound  Precursors 

1 . 2- Diiodotetraf luoroe thane 

The  reaction  was  carried  out  twice  in  a  similar  manner  with  similar 
results.  The  following  is  a  description  of  one  reaction. 

A  300-ml.  autoclave  was  charged  with  C2F^  (45  g.,  0.45  mole)  and 
I2  (127  g. ,  0.50  mole)  and  heated  at  250°  for  10  hours.  A  red  liquid 
product  was  removed  and  washed  with  Na2S202  until  colorless.  It  was  then 
dried  over  Na2C03  and  distilled  to  give  a  light  pink  liquid  (96  g.,  60% 
yield  of  CF2ICF2D  boiling  at  67°  at  166  mm.  Hg. 

1 . 3- Diiodohexaf luoropropane 

A  300-ml.  autoclave  was  charged  with  perf luoroglutaryl  chloride 
(100  g. ,  0.36  mole)  and  potassium  iodide  (130  g,,  0.78  mole)  and  heated  at 
200°  for  20  hours.  A  red  liquid  product  was  removed  and  washed  several 
times  with  water.  This  was  followed  by  washings  with  Na2S203,  then  dilute 
NaOH,  and  finally  several  more  washings  with  water.  The  product  was  then 
dried  over  Na2S04  and  distilled.  This  gave  52  g.  (36%  yield)  of  ICF2CF2CF2I 
boiling  at  126-132°. 

0 

II 

Attempted  Synthesis  of  (CH3) ?NC(CF2) 3COONO 


Perfluoroglutaric  anhydride  (22.2  g. ,  0.1  mole)  and  N-nitroso- 
dimethylamine  (7.4  g. ,  0.1  mole)  were  charged  to  a  Fischer-Porter  tube 
cooled  to  -183°.  After  melting  had  occurred  the  reactants  were  mixed 
thoroughly  by  shaking.  The  tube  exploded  soon  after  this  latter  step. 
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Preparation  of  CFi3CF2CFClI 


A  12-llter  flask  was  charged  with  CF3SCI  (34.3  g, ,  C.252  mole) 
and  CF2*CFI  (24.2  g. ,  0.126  mole),  and  irradiated  with  u.v.  light  for  three 
hours.  During  this  time  22  g.  of  a  red  liquid  was  formed.  This  liquid 
was  distilled  on  a  spinning  band  column  under  reduced  pressure  (40  mm.). 

A  large  portion  of  the  sample  decomposed  to  give  iodine.  Two  small  fractions, 
both  containing  iodine,  were  obtained  at  24-28*  and  70-75°.  Both  fractions 
were  washed  with  aqueous  Na2S203  to  give  colorless  products;  however,  after 
the  Na2S203  solution  was  removed  they  both  reverted  to  a  deep  red  color. 
Nuclear  magnetic  resonance  analysis  of  each  sample  gave  inconclusive 
results.  An  Infrared  spectrum  of  the  higher  boiling  material  showed  strong 
absorption  at  8.48-8.68,  9.02,  9,32,  9.91,  12.61,  and  14.30  microns,  and 
weaker  absorption  at  11.52,  13.18,  and  15.8-15.9  microns,  indicating  the 
presence  of  both  CFjS-  and  Cl-C  groups-  No  further  analyses  were  carried 
out  because  of  its  Instability,  The  sample  was  reacted  as  soon  as  possible 
after  isolation 

d ,  Fluoroolefins 
Tetrafluoroallene 


1.  CF2BrCH2CF2Br'9 


Five  similar  preparations  were  carried  out  in  a  1.4-liter  auto¬ 
clave.  Another  preparation  on  a  larger  scale  was  carried  out  in  c  3-liter 
autoclave.  The  following  is  a  description  of  a  series  of  three  preparations. 

Dibromodifluoromethane  (4.5  moles),  1,1-difluoroethylene  (1.0  m^le), 
and  benzoyl  peroxide  (10.0  g.)  were  heated  in  a  1,4-liter  stainless-steel 
rocking  autoclave  at  110°  for  five  hours.  CF2Br2  and  CF2*,CH2  were  recovered 
by  low-temperature  distillation,  leaving  a  residue  containing  the  product, 
CF2BrCH2CF2Br ,  and  telomers  of  CF2Br (CH2CF2)  Br.  After  two  additional  runs 
utilizing  recovered  material,  combination  anS  distillation  of  the  residue 
gave  270  g.  of  CF2BrCH2CF2Br  (b.p.  72-75°/300  mm.)  from  a  total  of  132  g. 
of  CH2*CF2  consumed  (49.5%  yield). 

ii.  CF2BrCH*CF2 


Four  preparations  were  carried  out,  the  most  successful  being 
similar  to  a  recent  literature  method.50 

l,3-Dibromo-l,l,3,3-tetrafluoropropane  (90  g.,  0.33  mole)  was 
added  drop-wise  to  potassium  hydroxide  pellets  (200  g.)  in  a  500-ml.  flask 
fitted  with  a  stalnl  •'s-steel  chain  stirrer  driven  by  a  high  torque  motor. 
A  nitrogen  pressure  of  300  to  350  mm.  was  maintained  in  the  system  with  a 
slow  sweep  into  traps  at  -78  and  -196°.  The  flask  was  heated  to  60°.  As 
dehydrobromination  occurred,  the  reaction  mixture  became  dark  and  sticky. 
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Stirring  became  less  efficient  and  the  temperature  rose  to  a<100°  . 
Distillation  of  the  contents  of  the  cold  traps  gave  6%  tetraf luoroallene 
(2.3  g.  ,  0.02  mole)  and  45%  3-bromo-l,l,3,3-tetraflucr^oropene  (30  g., 

0.15  mola) .  The  latter  was  further  distilled  through  a  small  glass  helix- 
packed  column  (b.p.  34°). 

iii.  CF2-OCF2 


Six  reactions  were  carried  out  using  a  variety  of  different 
conditions.  The  .results  were  poor.  In  some  cases  only  a  trace  of  product 
was  obtained  and  ntified  by  I.R.  analysis.  When  powdered  90%  potassium 
hydroxide  was  used  at  100°  the  mixture  became  molten  and  no  volatile 
products  could  be  trapped.  The  following  is  a  description  of  a  more 
successful  reaction. 


In  a  300-ml,  flask  fitted  with  an  addition  funnel  and  stainless- 
steel  chain  stirrer  driven  by  a  high  torque  motor,  and  connected  to  two 
traps  at  -183°,  was  placed  150  g.  of  pelleted  potassium  hydroxide.  The 
flask  was  heated  to  80°  by  a  water  bath  while  a  slow  stream  of  dry  nitrogen 
was  passed  through  the  system.  3-Bromo-l ,1 ,3 , 3-tetrafluoropropene  (30  g. , 
0.15  moles)  was  added  drop-wise.  The  low  boiling  product  in  the  first 
trap  was  separated  by  a  vaporization  distillation  and  then  purified  by 
distillation  on  a  low  temperature  still.  Tetrafluoroallene  (1.8  g. , 

0.15  moles)  was  obtained  in  10%  conversion  (b.p,  -38°). 


Dehydrobromination  of  275  g.  of  CF2BrCH2CF2Br  in  two  steps  by 
the  method  of  Jacobs  and  Bauer51  gave  24  g.  of  CF2"C-CF2.  Conversion  was 
24%  based  on  the  starting  alkane. 


Methyl  trifluorovinvl  ether  52 


A  total  of  105  gt  of  CH30CF“CF2  was  prepared  in  two  reactions. 
The  following  describes  the  larger  reaction. 


Dioxane  (450  ml,  dried  over  sodium,  refluxed  over  and  distilled 
from  CaH2),  sodium  methoxide  (125  g. ,  98%  commercial  material),  was  charged 
to  a  2180-ml.  Monel  cylinder  fitted  with  a  pressure  gauge.  a-Pinene  (1  g.) 
was  included  to  act  as  an  inhibitor.  Tetrafluoroethylene  (180  g.,  1.3  moles) 
was  pressurized  into  the  cylinder  at  ^270  psi.  The  reactor  was  placed 
in  an  autoclave  rocker.  A  strong  exotherm  and  pressure  drop  were  noted 
1  1/2  hours  later.  After  40  hours  the  low  b  'ling  products  were  stripped. 
Distillation  on  a  low-temperature  column  gave  35  g.  of  material,  b.p.  10-12.5° 
VPC  showed  the  product  to  be  95%  pure. 


4-Methyl-a , 8 , 8-tr  If luorostyrene 

4-Bromo toluene  (10  g.,  0.062  mole)  was  reacted  with  lithium  in 
ether  to  form  the  lithium  reagent.  The  solution  was  placed  in  a  300-ml. 
Fischer-Porter  bottle  and  cooled  in  liquid  nitrogen.  The  bottle  was 
exhausted  and  excess  tetrafluoroethylene  was  condensed  into  the  bottle. 
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The  bottle  was  sealed  and  placed  in  a  cold  bath  at  -30°  for  four  hours. 

The  mixture  was  hydrolyzed  and  the  ether  layer  dried.  Evaporation  of 

solvent  and  vacuum  distillation  gave  4-methyl-a, 6, B-trif luorostyrene 

(3  g.t  30%),  b.p.  90-92c/70  mm.  n'f0  -  1,478.  Reported  b.p.  91,5a/70  mm, 

n;?0  -  1.481.  d 

a 

Attempted  synthesis  of  perf luoroketene53 

0 

II 

i.  ClCF2CBr 


Into  a  3-neck  flask  fitted  with  a  stirrer,  thermometer,  and 
reflux  condenser  were  placed  CF2CICOOH  (65.7  g.,  50.1  mmoles),  and  PBr^ 
(72.0  g.,  16.7  mmoles).  The  mixture  was  stirred  for  one  hour  at  room 
temperature  and  3.5  hours  at  70°.  The  mixture  was  then  distilled  on  a 
glass-packed  column  and  68.9  g.  of  material  was  obtained,  b.p.  46. 5C. 
This  represents  a  71%  conversion  to  CF2ClC0Br. 

ii.  Reaction  of  CF2ClC0Br  with  Zinc 


Two  attempts  were  made  to  synthesize  CF2«C*»0.  No  low-boiling 
product  was  obtained  from  either  reaction.  The  following  is  a  description 
of  the  second  reaction. 

Zinc  (65.4  g.,  1.0  mole)  and  16  ml.  of  6N  HC1  were  stirred 
together  in  a  300-tnl.,  3-neck  flask.  The  flask  was  then  heated  under 
vacuum  overnight  to  remove  excess  HC1  and  H2O.  The  flask  was  fitted  with 
an  addition  funnel  and  a  reflux  condenser  vented  to  a  trap  in  liquid  oxygen, 
and  a  solution  of  CF2ClC0Br  (68.9  g. ,  35.9  mmoles)  of  ethyl  ether  was 
added.  At  first  vigorous  bubbling  occurred,  but  this  soon  subsided.  The 
flask  was  then  heated  with  no  apparent  reaction  taking  place.  Suddenly 
the  contents  of  the  flask  began  to  undergo  an  apparent  polymerization  to 
produce  a  charred  material  which  swelled  out  of  the  flask.  No  volatiles 
were  caught  in  the  -183°  trap.  Similar  unsuccessful  attempts  to  prepare 
this  compound  by  this  procedure  were  subsequently  reported  in  the  litera¬ 
ture.  54'  *  5 

Attempted  synthesis  of  1-trif luorovinyl 
perf luorocyclobutene 

i.  with  CF2=CFLi 


Ethyl  ether  (75  ml.)  and  lithium  (1.4  g. ,  0.2  mole)  were  placed 
in  a  small  3-neck  flask  fitted  with  a  stirrer,  gas  outlet  vented  to  a 
trap  in  liquid  oxygen,  and  a  gas  inlet  opening  beneath  the  surface  of  the 
ether.  Methyl  bromide  (12  g. ,  0,126  mole)  was  bubbled  in  at  room  temperature. 
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A  ter  this  the  flask  was  cooled  to  -78'  and  CF;=CFBr  vlH  g. ,  0.11  moie  ) 
was  bubbled  m.  This  was  followed  bv  the  addition  ot  pert  luoro^yciobutene 
(17  g.  ,  0.10  mole).  The  solution  was  allowed  to  warm  to  room  temperature 
ever  the  weekend.  The  only  product  obtained  was  a  dark  brown  suspension 
oi  solids  in  the  ether.  Nothing  in  the  product  mixture  contained  the 
-CF=CF  group  as  determined  by  infrared  analysis. 

ji.  with  CF^^CFMgBr 


Magnesium  (4.8  g.,  0,2  mole)  and  tetrah\drofuran  (200  ml.) 
freshly  distilled  from  LiAlH  .  were  placed  in  a  500-ml .  flask  fitted  with 
a  stirrer,  gas  inlet,  and  low-temperature  head  vented  to  a  trap  in  liquid 
oxygen.  Throughout  the  reaction  stream  of  dry  N  was  passed  through 
the  mixture.  The  mixture  was  he; ted  and  CF.-CFBr  (32  g, ,  0.2  mole)  was 
bubbled  in  until  reaction  began  to  take  place-  it  was  then  cooled  in  ue 
while  the  remainder  of  the  CF,.=CFBr  was  added.  After  this  the  perfluoro- 
cyclobutene  (16  g.,  0.1  mole)  was  bubbled  in,  and  the  mixture  was  allowed 
to  warm  to  room  temperature  overnight.  No  volatiles  were  obtained  As 
before,  the  product  was  a  suspended  brown  solid.  All  of  the  liquid  was 
removed  to  another  flask  by  vacuum  and  then  distilled,  but  nothing  other 
than  starting  material  was  obtained. 

Preparation  of  C  <F  0 [CF (CF  <)CF>0]  ;CF=CFt. 


C-jF  0[CF(CF1)CF,0).CFHCFi  (56.1  g. ,  0.1  mole)  and  dry  ether 
(500  ml.)  were  placed  in  a  1-liter,  3-neck  flask  fitted  with  a  stirrer  and 
dropping  funnel.  Methyllithium  (5%  in  ether,  55  ml.,  0.11  mole)  was  added 
dropwise  to  the  stirred  solution.  After  addition  was  complete  ('Vl  hour) 
the  mixture  was  stirred  for  one  hour.  Methanol  was  added  dropwise  to 
destroy  uareacted  irtthyllithium  and  water  was  then  added  to  dissolve  the 
precipitated  lithium  fluoride.  The  ether  layer  was  separated  and  the 
water  layer  extracted  with  ether.  The  ether  layers  were  combined,  dried 
over  Na;S0,,  and  stripped  under  vacuum.  The  remaining  crude,  product  was 
distilled  using  a  spinning  band  column.  The  major  traction  (18.1  g.), 
b.p.  153.5-155",  was  identified  as  the  desired  trif luorovmvl  ether.  Tin- 
yield  based  on  the  single  fraction  was  33.5%. 

Preparation  of  C3F  0 [CF(CF  -  )CF ;0  |  jCF=CF>-  (A25) 


The  preceding  reaction  was  repeated  using  C  F  0(CF(CF.i)CF  01  CFHCF  . 
(72.7  g.,  0.1  mole)  and  methyllithium  (0.1  mole).  Crude  material  (65  g. ) 
was  distilled  to  give  45  g.  of  product  boiling  at  i80"/45  mm.  The  infrared 
spectra  of  the  two  ethers  were  nearly  identical. 
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e .  Miscellaneous  Compounds 


Perf laoropropyiene  epoxide~fc 

Water  (150  ml.),  KOH  (84  g,),  CH  .OH  (1000  ml.),  and  50%  HT), 

(473  ml.)  were  stirred  together  in  a  flask  and  cooled  to  -60'  Liquid 
CF<CF*CF^  (105  g  ,  0.  70  mole)  was  added  and  the  mixture  was  stirred  at 
-60'  for  two  hours.  It  was  then  allowed  to  warm  slowly  to  room  temperature 
and  the  product  (54. A  g, )  was  collected  in  a  -78'  trap.  Analysis  by  VPC 
showed  rhe  product  to  be  80%  perf luoropropylene  epoxide  with  unreacted 
perf luoropropylene  as  the  Impurity.  A  small  amount  of  this  product  mixture 
was  shaken  in  an  ampoule  with  excess  Br i .  An  Infrared  spectrum  of  the 
overgas  showed  pure  epor.cde. 

Perf luoroglutar lc  anhydride 

Pertluorogiutaryl  chloride  (910  g.,  3.3  moles)  was  slowly  added 
with  stirring  to  150  ml.  water  in  a  3-liter  flask.  After  the  acid  chloride 
nad  been  added,  the  water  was  removed  by  azeotroping  with  benzene.  The 
benzene  was  distilled  off  at  atmospheric  pressure,  then  by  aspirator 
Excess  P  0  was  then  mixed  thoroughly  with  the  perf luoroglutarlc  acid  and 
heated.  The  anhydride  was  collected  (600  g. ,  83%)  directly  by  distillation, 

Perf luorosucclnlc  anhydride 

Pert luorosuccmic  acid  (200  g.  ,  1.05  moles)  was  mixed  with  excess 
P^Ot,  in  a  1-liter  flask.  The  mixture  was  heated  and  perf  luorosucclnlc 
anhydride  (141  g. ,  0.82  mole)  was  removed  by  distillation  as  formed. 

Perfluoro  ,2-methyl- 3, 6-dihydro-l, 2, 2H-oxazlne) 

Trlf luoronitrosomethane  (4  3  g. ,  0.043  mole)  and  perf luorobutadiene 
(6,8  g,,  0.043  mole)  were  condensed  into  a  Fischer-Por ter  tube  and  kept  at 
-25'  for  72  hours.  After  this  time  the  blue  color  of  the  nltroso  compound 
had  disappeared.  The  volatile  material  (v5  g.)  was  removed  from  the  tube 
by  vacuum  distillation  and  found  to  consist  essentially  of  CF .NCF^CF=CFCF;0. 

Yields  on  several  runs  averaged  50%,  The  following  properties  were  observed: 
b.p  51-52  ,  rip''  1.2789,  d‘°  1  6075. 

Anal:  Calcd  tor  CsF^NO:  %C,  23.01;  %H,  0.00;  %F,  65,52 
Found:  %C,  23  32;  %H,  0.00;  %F,  65.38. 

Nltrosyl  bromide 

A  500-ml.,  3-neck  flask  was  fitted  with  a  stirrer,  a  gas  inlet 
rube,  and  an  outlet  tube  vented  to  traps  at  -78t  and  -183'’.  Water  (80  ml.) 
and  NaNO  (383  g.,  5  5  moles)  were  stirred  in  the  flask  as  HBr  was  bubbled 
in.  It  appears  that  no  reaction  takes  place  until  the  HBr  concentration 
reaches  a  certain  point.  The  product  was  caught  in  the  -78'  trap  and 
distilled  on  a  glass-packed  column  to  give  42  g.  of  material  boiling  at  8°. 
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It  was  found  that  the  following  is  the  better  method  of  producing 
BrNO  A  1-liter  flask  containing  567  ml.  of  concentrated  HBr  solution 
(7  moles)  was  fitted  with  a  stirrer,  gas  outlet  vented  to  -78J  and  -183' 
traps,  and  an  addition  funnel  containing  345  ml  of  a  solution  of  NaNO  2 
(3  moles).  The  flask  was  maintained  at  ambient  temperature  with  a  water 
bath  and  the  NaNO;  solution  was  slowly  added  The  product  was  trapped  at 
-78*. 

Methyl  nitrite 

Methanol  (32  g.,  1  mole)  was  dissolved  In  an  equal  volume  of  water 
and  added  to  a  flask  containing  70  g.  NaN02.  The  mixture  was  stirred  and 
concentrated  H2SO4  slowly  added.  The  evolved  gas  was  passed  through  a 
CaCl2  tube  and  collected  in  a  trap  cooled  in  liquid  air.  The  product 
(57  g. ,  93%)  was  condensed  into  a  cylinder  and  stored  under  ref rigeraticn 

Monosodi -.m  hexaf luoropentanedlol 

Hexafluoropentanedlol  (21.2  g.,  0,10  mole)  and  sodium  (1.15  g, , 
0.05  mole)  in  200  ml.  of  dry  ether  were  stirred  by  means  of  an  air  motor 
for  48  hours.  Formation  of  a  white  solid  occurred  slowly.  After  filtering 
and  drying  under  vacuum  for  six  hours,  12  g.  of  NaOC^CF^CF^CF^CH.-OH  was 
collected.  Evaporation  of  ether  solution  yielded  9  g  of  the  unreacted 
diol. 

Attempted  preparation  of  dlsodium 
hexaf luoropentanediol 

Three  attempts  were  made  to  obtain  the  disodium  salt,  In  the 
first,  hexafluoropentanedlol  (5  g.)  was  dissolved  in  50  ml,  dry  ether  and 
refluxed  over  sodium  for  one  week.  The  white  solid  which  precipitated  was 
dried  and  analyzed  by  titration.  Found:  eq.  wt  225;  236  Theory  for 
monosodium  salt,  234;  for  disodium  salt,  128. 

Hexafluoropentanedlol  (5  g.)  was  dissolved  in  50  ml  diglyme  and 
heated  with  sodium  overnight  just  below  the  boiling  point.  A  black  tar  was 
obtained. 

Attempted  epoxldation  of  perf luorobutadlene 
1.  by  H2O2 


Water  (150  ml.),  KOH  (84  g.,  1.5  moles),  and  CH3OH  (1,1  liter) 
were  placed  in  a  3-neck  flask  fitted  with  a  gas  inlet,  stirrer,  and 
addition  funnel  containing  45%  H2O2  (480  ml.).  When  the  KOH  had  dissolved 
the  mixture  was  cooled  to  -40°  and  the  H2O2  slowly  added.  The  addition 
funnel  was  then  replaced  with  a  low-temperature  (-78*)  head  and  CF^“CF-CF*CF ; 
(50  g, ,  0.31  mole)  was  added  through  the  gas  inlet.  This  mixture  was 
stirred  for  2  1/2  hours  at  “40°  and  then  allowed  to  warm  to  room  temperature, 
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The  volatiles  were  caught  in  a  trap  cooled  to  -183°.  Only  a  small  amount 
of  material  was  caught  and  this  proved  to  bo  mostly  CO;  with  a  trace  of 
C  F,,  Distillation  of  the  reaction  mixture  which  was  found  to  have  a  pH 
^5  gave  only  1  8  g.  of  material  boiling  below  the  boiling  point  of  methanol. 
This  material  was  separated  by  GLC.  Methanol,  tetraf luoroethylene ,  and 
perf luorobutadiene  were  isolated  as  well  as  several  unidentified  compounds. 
Infrared  spectra  of  these  volatile  compounds  showed  no  peaks  in  the  6-7 
micron  region  where  a  perf luorinated  oxirane  usually  absorbs.  NMB  analysis 
indicated  that  one  of  the  products  was  CF2CH=CFCF2Q. 


A  1-llter  Vycor  flask  was  charged  with  CF2«CFCF*CF2  (2.4  g. , 

0.015  mole)  and  0;  (0  48  g  ,  0.015  mole)  and  placed  in  sunlight  for  five 
days  At  the  end  of  this  time  the  flask  contained  a  water-white  liquid. 

An  infrared  spectrum  of  the  overgas  showed  some  u^reacted  diene  and  a  peak 

at  6.6  microns  (thought  to  be  -CF  -  CF2)  as  v/ell  as  other  peaks.  A  spectrum 
of  the  liquid  also  showed  absorption  at  6. 5-6,6  microns. 


The  reaction  was  repeated  on  a  larger  scale.  A  12-lit.-r  flask 
was  charged  with  C.Fe  (20.7  g.,  0.128  mole)  and  0-  (8.19  g. ,  C,^o6  mole) 
and  irradiated  with  a  u.v.  lamp  through  a  Vycor  immersion  well.  After  24 
hours  an  infrared  spectrum  of  the  vapor  phase  showed  a  peak  at  6.6  microns 
and  the  reaction  was  stopped.  Although  the  products  were  not  isolated  and 
Identified,  it  appears  that  epoxidatlon  can  be  effected  by  this  method. 
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d  Foi yn.c.r  Synthesis 

Polymers  were  prepared  using  bulk,  -oiution,  and  suspension 
techniques  and  are  described  in  Tables  1-8 

Bulk  polymerizations  were  came  '  >ut  m  either  glass  ampoules 
(20-80  ml.)  or  mild  steei  cylinders  1 500  aid  900  ml./,  generally  with 
agitation  at  the  temperatures  indicated.  Solution  polymerizations  were 
carried  out  in  sealed  grass  ampoules,  while  suspension  poxymenzat ions 
were  carried  out  in  glass  ampouies,  mild  steei  cylinders,  and  a  starred 
autoclave. 


Liquid  monomers  were  weighed  and  added  to  the  tubes;  gaseous 
monomers  were  expanded  into  an  evacuated  1-liter  riask  at  measured  pressure 
and  condensed  into  the  polymerization  tuber-.  Ire  tubes  were  then  pia.ed 
m  a  :old  bath  lor  the  Indicated  time.  It  a  Suspension  polymerization 
was  run,  the  cube  was  shaken  vigorously  The  suspending  medium  was  water 
containing  S3  g  LiBi  and  3  5  g  MgCO  pei  i00  ml  In  working  up  the 
products,  the  or.rea-ted  gases  were  vented  and  the  volatile  materials 
recovered  by  vacuum  distillation.  The  polymer  was  then  removed  and  weighed. 

In  the  .ase  cf  suspension  polymerizations,  the  mixture  was  first  treated 
with  ucn.entrated  HCi  to  remove  tne  MgCO-,  and  washed  several  times  belore 
vacuum  drying 

Polymers  were  frequently  purified  by  dissolving  in  a  suitable 
solvent  such  as  Freon  113  and  reprec ipitating  with  methanol.  They  were 
then  dried  under  vacrum. 

In  order  to  carry  out  these  low  temperature  polymerizations, 
a  system  including  a  refrigerated  bath  and  stirred  reactor  was  constructed. 

The  apparatus  (shown  in  Fig.  2)  consists  of  five  components.  The  compressor 
(A)  cools  a  reservoir  (B)  of  CaCl ,  solution  whi_h  is  circulated  Ly  a  pump 
(C)  through  a  polymerization  bath  vD )  and  an  auto. lave  (E) . 

(A)  The  compressor  is  a  commercial  unit,  a  1.5  horse-power  Copeiametic, 
which  uses  R-502  as  a  refrigerant.  The  compressor  ls  connected  to  two 
large  copper  colls  sealed  inside  the  reservoir. 

(B)  The  reservoir  ls  a  tank  12  inches  x  18  in.he=  x  36  inches  containing 
two  cooling  colls  from  the  compressor  bathed  in  the  coolant  which  Is 
circulated  thruughout  the  system.  Near  the  bottom  the  reservoir  has  an  outlet 
tube  which  leads  to  the  pump  and  at  the  top  an  inlet  tube  for  the  return 

of  the  coolant.  The  reservoir  is  filled  with  20  gallons  of  a  29  6%  CaCl 
solution  which  is  gravity-fed  to  the  pump  and  can  be  maintained  at  any 
temperature  between  ambient  and  -40'  within  1.5'F.  It  ls  insulated  on  all 
sides  with  six  inches  of  polystyrene  and  encased  in  a  vapor  sealed  plywood 
bex 


55 


Figure  2,  Low  Temperature  Polymerization  Apparatus 
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<C)  The  first  pump  used  m  the  system  Was  an  Onerdorfer  centrifugal 
pump  connected  directly  to  a  3450  RPM  motor,  but  it  was  found  that  this 
unit  was  transferring  too  much  heat  to  the  ..ooung  system.  The  situation 
was  remedied  by  adapting  an  ordinary  pump  used  for  circulating  water 
in  lab-scale  distillations,  a  1/30  horse-power  PK  pump  This  pump  was 
connected  to  the  system  through  5/8"  copper  tubing  and  then  insulated 
with  polyurethane  foam.  The  pump  is  gravity-fed  from  the  reservoir  and 
forces  the  coolant  through  the  polymerization  bath  and  autoclave  and  then 
through  the  return  inlet  at  the  top  of  the  reservoir 

(D)  The  polymerization  bath  is  a  steel  tank  12  inches  x  18  inches  x 

18  inches  surrounded  by  a  water  jacket  9  inches  high  and  11/2  inches  wide. 
The  CaCl  solution  from  the  reservoir  is  circulated  through  the  jacket  which 
is  baffled  so  that  the  coolant  must  circulate  completely  around  the  tank 
which  is  filled  with  CHC1  to  a  depth  of  six  inches.  Three  inches  from  the 
top  of  the  tank  a  3  inch  brass  rod  mounted  in  air-tight  bearings  at  ea;h 
wall  extends  the  length  of  the  tank  and  six  inches  beyond  one  end.  This 

extended  end  of  the  shaft  is  connected  by  a  rocker  arm  to  a  pin  and  bushing 

mounted  off-center  in  a  pully  powered  by  a  1/18  horse-power  Bodine  motor 
The  motor  is  controlled  by  a  Variac  to  give  the  degree  of  agitation  desired 

on  the  brass  rod.  Several  wire  baskets  which  hold  the  polymerization 

vessels  are  suspended  from  the  brass  rod  into  the  CHC1  bath.  The  entire 
tank  is  insulated  with  three  Inches  of  polyurethane  and  encased  in  a  wooden 
box  with  a  removable,  insulated  lid. 

(E)  The  autoclave  used  is  a  2000-ml,,  Parr  Series  4500,  stirred, 
pressure  reaction  vessel  with  an  internal  cooling  coil.  As  received  from 
the  factory,  the  cooling  coil  was  made  of  1/4  inch  O.D  stainless  steel,  but 
after  the  first  run  ft  was  apparent  that  this  coil  was  too  small  to 
provide  sufficient  coding.  It  was,  therefore,  replaced  first  with  a 

1/4  inch  O.D.  copper  coil  (which  also  proved  unsatisfactory)  and  finally  a 
3/8  inch  O.D.  stainless  steel  coil  was  used.  The  autoclave,  stirring  motor, 
and  holder  are  encased  in  a  plywood  box  insulated  with  five  inches  of 
polystyrene  and  a  temperature  of  -30'C  was  easily  obtained 


The  temperature  on  the  autoclave  is  monitored  with  a  Rustrak 
automatic  chart  temperature  recorder,  Model  144. 
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MISCELLANEOUS  POLYMERS 
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UNSUCCESSFUL  POLYMERIZATIONS 
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CH,ONO  1.04  17  Bulk  42  Ambient 


UNSUCCESSFUL  POLYMERIZATIONS 
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incorporated 


UNSUCCESSFUL  POLYMERIZATIONS 
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TABLE  IX 


NMR  ANALYSIS 


(Peak  areas  in  percent  of  total  area) 


Sample 

78.4.2 

78.5.2 

83.1.2 

78,6,2 

78.7.1 

78,8 

Solvent 

Neat 

Neat 

Neat 

Freon  113 

Freon  11 

Neat 

Shift  ppm 

(cf3cooh) 

-20.0 

1.6 

-18.2 

4.3 

2.7 

-15.0 

1.7 

1.6 

-12.0 

21.1 

46.1 

44.0 

41.7 

39. e 

44,4 

-9.9 

25.2 

6.3 

5.7 

6.2 

-8.9 

2.4 

-6.4 

5.7 

1.2 

1.4 

1.6 

Total  CF^ 

58.0 

53.6 

51.1 

41.7 

52.3 

47.6 

+9.6 

1.4 

+11.4 

10.9 

20.6 

22.8 

25.8 

19.5 

22.6 

(-14.0 

3.7 

1.2 

1.4 

2.9 

1.4 

4.4 

+21.5 

7.7 

5.5 

5.7 

4.4 

4.9 

4.0 

+23.7 

6.0 

16.5 

17.4 

23.4 

17.6 

21.4 

+26,3 

2.3 

0.8 

+27.1 

6.4 

1,6 

+28.2 

6.0 

2.3 

1.4 

2.2 

Total  CF2 

42.0 

46.1 

48.7 

58.1 

57.8 

52  4 

Description  of  sample  polymerization: 


78.4.2 

Bulk,  25° ,  1:1  CF-jNO:  CF2»CF2 

78.5.2 

Same  as  above 

83.1.2 

Terpolymer  with  CF2Br2>  bulk,  25°,  1:1:1  monomer 

ratio 

78.6.2 

In  Freon  113,  -15°  to  25'-,  5:1  CF3N0 :CF2-CF2 

78.7.1 

In  Freon  113,  -15°  to  25°,  1:5  CF3N0 :CF2-CF2 

78.8 

In  cyclohexane,  25",  1:1  CF3N0:CF2=CF2 ,  Ziegler 

catalyst 
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APPENDIX  A 


Infrared  Spectra 

Figure 

A1  2 , 2 , 4-Ietraf luoro-1 , 3-dithietane 

A2  Thiocarbonyl  Fluoride 

a3.  Pert luorothioacetone 

A4 .  Tntluoromechyl  Trlflucrovinyl  Sulfide 

a5  Tnf lucrome'  hyl  2,2-Dichloro-i,l,2-trlfluoroethyl  Sulfide 

A6,  rrrtluotovmylsulf ur  Pentaf luoride 

A7.  2-Chloro-l-nitroso-l,2(2-trifluoroethvl  Trif luoromethyl  Sulfide 

A8  Bis (pentaf luorophenyl )  Disulfide 

a9  Pentaf  l‘ioronitrosoben2ene 

AlO.  Pentaf luorobenzoyl  Nitrite 

All.  Tetraf luoroterephthalyl  Mononitrite 

A12 .  p-Aminotettaf luoronitrosobenzene 

A13.  4/, 1 -Diaminooctaf luorobiphenyl  Oxidation  Product 

A.14  3-Carbomethoxyperf luoropropionyl  Nitrite 

A15  4-Carbomethoxyperiluorobutyryl  Nitrite 

A16.  Methyl  3-Nitrosoperf luoroproplonate 

A1 < .  Methyl  4-Nitrosoperf luorobutyrate 

A18.  (CH302C(CF2 ) 3) 2NO(CF2 )3C02CH3 

A19  |CH302C (CF, ) 2 ) 2N0 (CF2 ) 2CC2CH3 

A20.  !H-N^iCF2)3!2NOtCF2  3^NH2 

A21  1 NC  ( CF  !  ..NO  (CF-, )  ,CN 

A22.  ^-Nitrosopertlui  cobutync  Acid 

A23.  1-Bromo-l ,1,2 ,2- tetraf luoro-2-nlt rosoe thane 

A24  Methyl  i-Chloro-1 , 2 , 2-t r It luoro-2-nltrosoethyl  Ether 

A25.  C3F?0|CF(CF3)CF20j 3CF-CF2 

A26.  CF3N0/CF3SCF=CF2  Copolymer 

A27  CF ^NO/ CF2“CFBr  Copolymer 

A28 .  :F3NO/CF2=CF2/C6F5NO  TerpoLymer 

A29.  CF3NO/CF2-CF2/CF2-CFCF-CF2  Teroolymer 
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APPENDIX  A  (Cont ’d) 


Figure 

A30.  CF3NO/CF2=CFCF=CF2  Copolymer  after  Reaction  with  CF^OF 

A31 .  CF-NCF,,CF=CFCF- 

3,  2  |  2 

0 - 1 

A32.  CF.>NO/CF2=CFCF=CF2  Copolymer  after  Reaction  with  C1NO 

A33  CF3NO/CF2=CF2/CF2=CFCH=CH2  Terpolymer 

A3A.  CF3NO/CF2=CF2/CF2*,CFCH=CH2  Terpolymer  after  Reaction 

with  CF^OF 

A3  5  cr 3NO/CF,=CF2/CF  «C=CF?  Terpolymer 

A36.  CF3NO/CF2=CF2/CF2=CFCF2NO  Terpolymer 

A37 .  CF3N0/CF2=CF2/CH302C1CF2)3N0  Terpolymer 

A38.  CF3NO/CF2=CF2/CH3OCF=CF2  Terpolymer 
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Gimu  UiV^iwir  JMutimi* 


Trifluoromethyl  Trif luorovinyl  Sulfide 
(gas ,  k  and  60  mm) 


•|  rm  |  ? 


'1'  '  t  llllt  »|  M 


Trif luorovinyl sulfur  Pentaf luor ide 
(gas,  15  mm) 


Fig.  A7.  2-Ch loro- I -n i troso- 1 , 2 ,2- t r i f 1 uoroethy 1 
Tr i f 1 uoromethy I  Sulfide 
(gas ,  2  and  1 2  mm) 


Fig.  A8.  Bi s  (pentaf luoropheny 1 )  Disulfide 
(Nujol  mull) 


q.  A9. 


Pentaf I ueron I trosobenzene 


Fig.  All.  Tetraf 1 uorcterephtha 1 y 1  Mononitrite 
(Nujol  mull) 


Fig.  A12.  p-Ami notet raf 1 uoron i t rosobenzene 
(Nujol  mull) 
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Fig.  A2 I .  [NC(CF2)3]2NO(CF2)3CN 

(1  iquid) 
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Fig.  A25.  C3F70[CF(CF3)CF20] 3CF-CF2 

( ’  i  qu  i  d  'I 


Fig.  A26.  CF^NO/CF^SCF'CF^  Copolymer 
(solid) 


i 


Fig.  A27.  CF,NG/Cf0-CFBr  Copolymer 


Fig.  A25.  CF3NO/CF2-CF2/CF2-CFCF-CF2  Terpolymer 
(sol  id) 


Fig.  A30.  CF3NO/CF2=CFCF“CF2  Copolymer  after  Reaction 
with  CF^OF  (solid) 
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Fig.  A32.  CFjN0/CF2=CFCF=CF2  Copolymer  after  Reaction 
withClNO  (solid) 


rig.  A3 3 *  CFjN0/CF2,,CF2/CF2"CFCH"CH2  Terpolymer 
(sol  id) 
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Fig.  A36.  CFjN0/CF2*CF2/CF2mCFCF2N0  Terpolymer 
(solid) 
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APPENDIX  D 


MONOMERS  FROM  OUTSIDE  SOURCES 

Amount 


No. 

Compound 

Source 

1. 

cf2-cfcf2och2cf3 

0.5 

University  of 

Florida 

2. 

0 

11 

CF2-CFCF2COC2H5 

8 

University  of 

Florida 

3. 

F  F  0 

CF  2 -CF^”^-C0C  2  H  5 

5 

University  of 

Florida 

F  F 

0 

““A  |j 

4. 

CF2’CP-/  V-coh 

25 

University  of 

Florida 

5. 

CF2C1CF(N0)CH2CH-CH2 

1 

University  of 

Florida 

6. 

CF2-CFCF2NO 

0.5 

University  of 

Florida 

7. 

CF2-C-CH2 

41 

University  of 

Florida 

8. 

cf2-cfcahs 

5 

University  of 

Florida 

9. 

CF2-CFCH2CH-CH2 

25 

University  of 

Florida 

10. 

CF2«*CFSi(CH3)2OC2H5 

10 

University  of 

Florida 

11 

CF2-CFCH2CF2CF2CH2CF-CF2 

11 

University  of 

Colorado 

12. 

CF2-CHCF2CH2CF2CH-CF2 

6 

University  of 

Colorado 

13. 

0 

II 

CF2-CFCF2COCH3 

30 

University  of 

Colorado 

14. 

CF2-CFCF2CFC1CF2CF-CF2 

29 

University  of 

Colorado 

0 

jj 

15. 

CF2-CFCF?COK 

1 

University  of 

Colorado 

i  or. 
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APPENDIX  E 

PO LYMPH  SAMPLES  SUBMITTED 


.' '  . 
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; .  i 
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2  _ 
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1  /  1 

i  •  i 

.1 . 

v.’.n 

o  3 

’  •  • 

1  : 1 

A 

w.o. 

-1)7 

■  /  » 

■  ; 

& 

3 . 

O.C. 

-60.4 

"  /  1 

:  1 

92 

n  . 

2'-C. 

-60.3 

/ 

1  L 

.iii 

i 

Q.C. 

-4.3 

CF3NO/CF2=CFBr 

1:1 

5 

) , 

ff.C. 

-C 

"  / 

1 :  i 

7.4 

t . 

V 1  .  C  . 

-8.1 

CFnNO/CF.  *CF  'C7.  =CFBr 

J  III 

6:5:’ 

5 

:  o. 

o.c. 

-8.2 

*  /  ’  '  1  ■ 

3  •  2  :  i 

5 

u. 

o.c. 

-8.3 

M  /  f  t  < 

2  :  i  •  1 

1 

]  2 . 

O.C. 

-8.9 

„  ;  ...  |  n 

6:5:1 

20.4 

i.  3 . 

o.c. 

c 

r*H 

00 

1 

M  J  11  j  II 

3  : 2  :  J 

18 

1  A  . 

Q.C. 

-8.11 

II  /  .1  /  1 

2:1:1 

27.3 

5 . 

O.c. 

-8.12 

.1  /  li  /  II 

2:1:1 

41.6 

'  3  . 

o.c. 

-12 . 2 

BrCF0Cv.,.\"./Cv. 

z.  z.  Li 

CF..NO/CF.  =C”CE=C1\ 

i  i  c 

cf3no/cf  -c-2  ’cf9-':fc:*-cf2 

1:1 

2.6 

17. 

w.o. 

-64 . 1 

1.1 

16 

IS. 

w.o. 

-56,1 

6:5:1 

5 

i  y  . 

w.o. 

-54.2 

CF3NO/CF2«--CFCF»CF,  3-  C1N0 

1:1  +  C 

1X0  2 

2  U . 

w.o. 

-46.1 

cf3no/cf2=ce.)/cf9=cfc:=  :h2 

3:2.1 

5.5 

21. 

W .  G . 

-5  7.1 

"  / 

6:5:1 

5 

22. 

V .  0 . 

-68.1 

"  z  . 

5:4:1 

7.5 

2  3. 

w.o. 

-17.3 

i,  /  „  , 

5:4.  • 

220 

-4. 

o.c. 

-35.2.1 

n  i  1 1  i 

19:14  5 

23 

J  ■) 

o.c. 

-35.2.2 

■  i  / 

19:14  :  3 

20 

-  o. 

;,t  r\ 

-51.1 

1  /  4-  Cv 

/  3'  • 

3:2.  + 

CF..0F  6 .  a 
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APPENDIX  E  (Cont'd) 
POLYMER  SAMPLES  SUBMITTED 


No. 

Designation 

Polymer 

Charged 

Monomer 

Ratio 

Amount (g 

27. 

W. 0.-81. 1 

0 

cf3no/cf2-cf2/chqoHcf2cf?no 

8:9:1 

25 

28. 

W.0.-81.2 

It  j  II  j  II 

o 

16:17:1 

15 

29. 

W.O.-80.1 

/  -  n 

CF3NO/CF2-CF2/CH3OCCF2CF?CF2NO 

17:18:1 

9 

30. 

W.O  -80.2 

ii  j  m  i  it 

17:18:2 

20 

31. 

W.O.-80.3 

II  j  II  j  II 

17:18:1 

23 

32. 

Q.C.-58.1 

ii  i  ii  j  ii 

9:10:1 

22.5 

33. 

Q.C.-59.1 

II  j  II  j  II 

4:5:1 

16.4 

34. 

Q.C.-59.2.2 

II  j  II  j  II 

4:5:1 

34 

35. 

Q.C.-59.4 

ii  j  ii  j  ii 

21:25:4 

165 

36. 

Q.C.-59.5 

ii  j  ii  j  ii 

21:25:4 

245 

37. 

Q.C.-59.6 

•i  j  ii  j  ii 

24:25:1 

82 

38. 

Q.C.-79.2 

CFqN0/CF9-CF7/CH,0CF«CF? 

5:4:1 

15.5 

39. 

Q.C.-79.5A 

ii  j  ii  j  ii 

5:4:1 

60 

40. 

Q.C.-79.5B 

n  j  H  j  ii 

5:4:1 

48.5 

41. 

Q.C.-84.1 

CF^NO/CF9“CF?/CH^OCFC1CF9NO 

4:5:1 

19 

42. 

C.W.P.-6 

CF3NO/CF2-CF2/CF2-C-CF2 

2:1:1 

19.5 

'08 
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